An investigation into the effects of floods of pesticide levels in the river tees by Shedden, Roslyn Mary
Durham E-Theses
An investigation into the effects of floods of pesticide
levels in the river tees
Shedden, Roslyn Mary
How to cite:
Shedden, Roslyn Mary (1999) An investigation into the effects of floods of pesticide levels in the river tees,
Durham theses, Durham University. Available at Durham E-Theses Online: http://etheses.dur.ac.uk/4538/
Use policy
The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:
• a full bibliographic reference is made to the original source
• a link is made to the metadata record in Durham E-Theses
• the full-text is not changed in any way
The full-text must not be sold in any format or medium without the formal permission of the copyright holders.
Please consult the full Durham E-Theses policy for further details.
Academic Support Office, Durham University, University Office, Old Elvet, Durham DH1 3HP
e-mail: e-theses.admin@dur.ac.uk Tel: +44 0191 334 6107
http://etheses.dur.ac.uk
Abstract 
Detection of significant concentrations of pesticide in drinking water (1993 to 1995) 
supplied from Broken Scar Treatment Works on the River Tees, County Durham 
prompted an investigation into the link between pesticides and river conditions. 
Northumbrian Water believed that pesticide contamination was related to river floods 
and needed to identify the conditions when the pollution risk was at its highest. Many 
previous studies have demonstrated pesticide in storm runoff from small catchments: 
however this study aimed to demonstrate the relationship between floods and pesticide 
concentrations in a much larger river system (Tees, 818.4 km 2). 
Three approaches were adopted to investigate the problem of pesticides in the Broken 
Scar catchment. Firstly, existing data of pesticide concentrations and river flows were 
examined. Secondly, in 1995 a sampling programme was undertaken examining 
pesticide concentrations in the River Tees and its major tributaries during floods of 
varying magnitude. Finally, 'PESTVIEW', a GIS catchment investigation tool 
incorporating MAFF pesticide use data from 'FARMSTAT', was used to examine 
pesticide loading in the Tees catchment. 
The study found that the relationship between pesticide concentration in river water and 
floods exists, but that it is complex. Most existing pesticide data were of little value to 
the study as they were from customers' taps with no available accurate time-of-travel 
from the treatment works. However there were some data of pesticide contamination 
incidents, from the river, treatment works and the nearby town of Darlington, which 
indicated that 35% were from non-agricultural pesticides. 18% did not occur during 
floods and therefore were probably from point-source pollution: correspondingly 82% 
may be from diffuse sources. The sampling programme found simultaneous pesticide 
pollution in the tributaries and dilution in the flooded river. A pesticide 'spike' on the 
rising limb of the flood was also demonstrated. 'PESTVIEW' was found to be useful 
for investigation of agricultural pesticide loading and seasonal/annual trends. The 
catchment has two distinct areas: the upper catchment, which generates most of the 
river flow, has very little pesticide application and the middle catchment, which 
generates less flow in the river but higher loads of applied pesticide. This complexity 
within the catchment precluded the prediction of risk based on river flow alone. The 
conclusion was that more work is required and risk determination using the parameters 
of season, rainfall, antecedent conditions together with river flow is likely to be more 
successful. 
CONTENTS 
Tables and Figures vii 
Acronyms xxi 
Declaration and Copyright xxii 
Acknowledgements xxiii 
Chapter 1: Introduction 1 
1.1 Pesticides and agriculture, the legacy of organochlorine pesticide Use and 
pesticides currently in use .....1 
1.2 The study of pesticide movement to surface water .5 
113 Pesticides and river water quality ..................................................................6 
1.4: Water pollution on the River Tees ..................................12 
1.5 Pesticides 17 
1.6 Technological hazards and perception of risk 23 
1.7 Project objectives .....i.......... i..........................i...............«...............v".--v-"»...33 
Chapter 2: Study Site ...36 
2.1 The Tees - catchment area characteristics 36 
2.1.2 The River Tees tributaries .44 
2.1.3 Geology 48 
2.1.4 Soil types 50 
2.1.5 Land use 51 
2.1.6 Roads and traffic 52 
2.1.7 Population 57 
2.2 River Tees - Broken Scar catchment chemical and biological quality 57 
2.3 Broken Scar Water Treatment Works 61 
2.4 Current operating procedures at Broken Scar 62 
2.4.1 Abstraction, screening and storage 65 
2.4.2 The seven main stages of treatment, chemical dosing, coagulation, clarification, 
filtration, disinfection and pH Correction 66 
2.5 Summary 72 
Chapter 3: Farm Practices and their Influence on River Water Quality 73 
3.1 Farm practices affect the land in many diverse ways 73 
3.2 Pesticides - herbicide practices 75 
3.3 Insecticides 88 
3.4 Organic material 91 
3.5 Nutrients 95 
3.6 Pathogens 104 
3.7 Metals, pharmaceutical products and disinfectants . 113 
3.8 Managing (regulating) farming practice 114 
Chapter 4: River Tees Pesticide and Flow Data 1993 - 1998 120 
4.1 Pesticide data to May 1995 120 
4.2 Previous pesticide studies 127 
4.3 River Tees pesticide surveys - 1995 129 
4.3.1 Northumbrian Water sampling programme - Broken Scar 135 
4.3.2 Environment Agency sampling programme - spatial sampling 136 
4.3.3 Results and discussion 137 
4.4 Data from Northumbrian Water and Environment Agency routine monitoring 
programmes (1994 - 1998) 152 
4.4.1 Pesticide data 152 
4.4.2 Improvements to the water treatment process at Broken Scar WTW during this 
study 157 
4.4.3 River flow data 158 
4.4.4 Analysis of pesticide and river flow data 163 
4.5 Final observations and conclusions 174 
Chapter 5: The Investigation of ' P E S T V I E W a Pesticide Database and 
Catchment Pesticide Risk Assessment Model 178 
5.1 Introduction - the need for risk assessment 178 
5.2 Identification of the pesticides 'likely to be present' 180 
5.2.1 Monitoring change of use and formulation of pesticides 182 
5.3 Pesticide properties which affect movement to water ..................................187 
5.3.1 Pesticide toxicity 188 
5.3.2 Pesticide physical and chemical properties 188 
5.3.3 The effect of rainfall after pesticide application 191 
5.3.4 The effect of soil type on the fate of pesticides 193 
5.3.5 The effect of mode of pesticide application 194 
5.3.6 The requirements of a risk assessment model 194 
5.4 Data available for risk assessment 195 
5.5 The need to use a computer model to assess criteria 198 
5.5.1 The 'FARMSTAT' system 199 
5.5.2 Cropping patterns 201 
5.5.3 Pesticide runoff and leachate model 202 
5.5.4 Using 'PESTVIEW to assess pesticide risk in Northumbrian Water catchments 
207 
5.5.5 Using 'PESTVTEW' to investigate pesticide use in the Broken Scar catchment 
216 
5.5.6 Investigating 'PESTVIEW's assessment of risk on occasions when significant 
pesticide concentrations were found to be present in water from Broken Scar Water 
Treatment Works 218 
5.5.7 Investigating trends in pesticide use in the Broken Scar catchment 221 
5.6 'PESTVIEW' assessment: conclusions 221 
Chapter 6: Conclusions and Recommendations for Further Work 228 
6.2 Pesticides in the Broken Scar Catchment .............................229 
6.3 Treatment strategy at Broken Scar 230 
6.4 Available pesticide data - 'Pestview' ...231 
6.5 The new Northumbrian Water pesticide sampling and analysis strategy ..232 
6.5:l1 Monitoring suite 233 
6.6 Pesticide regulation 235 
References ..........................................241 
Appendix I Farming and pesticides ....................................................... A t 
Examples of regulations involving the effects of agriculture 
A2 
Examples of acronyms of committees and groups that coyer 
pesticide use in their terms of reference (from: Department of the 
Environment, 1996b) A3 
Examples; of codes of practice and guidance notes available to 
farmers A4 
Appendix II Northumbrian Water analysis data A6 
Northumbrian Water pesticide analysis suite 1995 .............. A7 
1995-Survey analysis suite A8 
Northumbrian Water proposed pesticide analysis suite to be 
adopted during 1999 to 2001 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .All 
Brief descriptions of AES analysis methods.... A12 
Appendix III River gauging stations A13 
General information ..................................................... ..A14 
Rating table - River Tees at Broken Scar A l 5 
Rating table - River Tees at Barnard Castle A16 
Rating table - River Greta at Rutherford Bridge A17 
vi 
Tables and Figures 
Concentration of DDT in the food chain. "DDT levels in river 
and estuary waters may be low, but zooplankton and shrimps 
contain higher levels, the fish that feed on them higher levels 
still, while fish-eating birds have the highest level of all." 
(Goudie, 1993 p97 citing King, 1975) 4 
Annual Usage of DDT and related compounds in the United 
States of America. The use of DDT reached its peak in 1959, 
then declined and was finally banned in 1972 4 
Solubility (in water) and half-lives of certain pesticides. Aldrin 
and DDT are virtually insoluble, 2,4-D and MCPA are highly 
soluble. Aldrin degrades to Dieldrin which is extremely 
persistent. DDT may not degrade, it volatilises and spreads over 
wide areas 6 
Pesticides suspected of endocrine disrupting effects by 
Germany's Federal Environment Agency (ENDS, 1999a)....7 
The National Water Quality Classification Scheme used in 
Britain (developed from Abel, 1996). The EA uses the National 
Water Quality Classification Scheme to judge and compare water 
quality. The classes '1A and IB Good' are suitable for potable 
water supply without advanced treatment, 'Class 2 Fair' requires 
advanced treatment, e.g. ozone and GAC 13 
General and farming activities which pose a threat to the water 
quality of the River Tees (developed from: NRA, 1992) 14 
Pesticide failures from customers' taps, indicating distribution 
zones, April 1993 - February 1995. Zones T2 and T3 are 
supplied solely by Broken Scar, zones T4-T40 are supplied by 
Broken Scar and Lartington, Zone T l is supplied solely by 
Lartington Water Treatment Works 18 
Taxonomy of hazards. Pesticides, using this categorisation, are 
extreme hazards as they are intentional biocides. Some 
pesticides may also be persistent teratogens and pose a diffuse 
global threat (Cutter, 1993) 26 
Qualitative factors affecting risk perception and evaluation. The 
public perceives risks to be more acceptable i f they are familiar, 
controllable and voluntary (e.g. drinking, smoking). I f the risks 
are unfairly distributed, then they are more likely to be perceived 
as unacceptable (Source: Glicker, 1992) 26 
vii 
Figure 1.1 
Figure 1.2 
Figure 1.3 
Figure 1.4 
Figure 1.5 
Figure 1.6 
Figure 1.7 
Figure 1.8 
Distribution of substantiated pollution incidents by source 1993. 
Agriculture accounted for 11% of all substantiated pollution 
incidents in England in 1993 (National Audit Office, 1995). 
2 
Diagram of the various pathways of water after arrival in a 
catchment. River water is mainly derived from precipitation via 
three indirect pathways. Surface runoff and interflow, which 
may contain pollution from the catchment, e.g. pesticides. 
Groundwater discharge should be less polluted (Source: 
Townsend, 1980p8) 9 
Diagram showing theoretical pollution incidents, indicating times 
of sampling from a routine sample program. The diagram 
demonstrates that sampling, even at frequent intervals (arrows), 
can easily miss significant peak concentrations. The data series 
(in red) derived from this theoretical sampling program would 
give an entirely wrong impression of the water quality 
(Developed from Abel, 1996) 11 
Agriculture accounted for only 5 % of substantiated pollution 
incidents in the Northumbrian region in 1992. This is 
significantly lower than the 1992 national average of 12% 
(Kinnersley, 1994) 15 
Broken Scar is situated on the River Tees, upstream of 
Darlington. The catchment area is predominantly rural (Source: 
EA, 1996b) 16 
Pesticides can pollute water from point and diffuse sources 
(NRA 1995). Diffuse sources include runoff from field drains. 
Point sources may be from careless handling (Source: NRA, 
1995) 20 
England and Wales water companies compliance with drinking 
water standards - 1992 - 1997 (Department of the Environment, 
1993; 1994b; 1995; 1996a; 1997; 1998). Drinking water quality 
has improved steadily, from 1992 to 1997 24 
Two-dimensional risk characteristic map from Cutter (1993 pi9). 
Cutter states "Risks that are most feared and dreaded are new, 
not observable, have delayed effects, and have globally 
catastrophic consequences. These risks are located in the upper 
right quadrant on the map." 27 
viii 
Figure 1.9 Graph illustrating an exponential cost benefit relationship (Speed 
1993). Drinking water quality now has almost 100% compliance 
with standards (Figure 1.7), to improve further wil l cost 
exponentially more than for previous improvements 30 
Figure 1.10 Terms to describe the combined effects of two pollutants. The 
figure demonstrates a simple additive toxic effect and an 
antagonistic effect where one pollutant inhibits another 
producing reduced toxicity. The effect, which worries 
environmentalists, is synergy, where one pollutant enhances the 
toxicity, above the simple additive effect (Source: Sprague, 
1970) 32 
Chapter 2 
Table 2.1 Natural and human factors, which influence the quality of a water 
source (the bold underlined factors have a significant impact on 
the Broken Scar catchment). The human factors most likely to 
affect the rural Broken Scar catchment (agricultural runoff, 
livestock and erosion) are all generally linked to agriculture 
(Developed from Reinert and Hroncich, 1990) 37 
Table 2.2 River Tees hydrometric data and Teesdale Reservoirs - details of 
dates of completion and construction and hydrometric data. 
39 
Table 2.3 Baydale Beck selected water quality data 1975 - 1993. Examples 
of ammonia and pesticide concentration in routine samples taken 
from Baydale Beck 1975 - 1993. These limited data demonstrate 
chronic agricultural pollution in the beck 47 
Table 2.4 Broken Scar catchment and land use survey 1992. Land use data 
confirm the rural nature of the Broken Scar catchment area. 
Grassland, fell and woodland account for 90% of the land area of 
the Broken Scar catchment; arable for 8%; residential and 
industrial use merely 0.64% 53 
Table 2.5 A Selected Analysis of Broken Scar Water Treatment Works 
Water Quality Samples Taken Before and After Treatment. The 
parameters analysed indicated the high quality of the water 
produced by the treatment current processes at Broken Scar. The 
Prescribed Concentration or Value figures are the regulatory 
limits set by 'The Water Supply Water Quality Regulations 
1989' 63 
Figure 2.1 Broken Scar River Tees catchment area stretches from the rural 
western uplands to Darlington. The area is predominantly rural, 
the three industrial sites are; 1) Close House Barytes Mine; 2). 
ix 
Force Garth Quarry; 3). SSSI designation covers most of the 
River Tees upland catchment (Derived from: NRA, 1994b). 
40 
Figure 2.2 Mean annual rainfall (mm) over Northumbria for the period 1941 
to 1970 (source: Archer, 1992). The annual rainfall in the Upper 
Tees catchment is approximately three times that of the lower 
catchment 41 
Figure 2.3a and b Comparison of catchment area and runoff relationship for River 
Tees and Broken Scar. The upper catchment, above Barnard 
Castle weir, and the Greta Catchment represent 73% of the total 
catchment area. During 1994 this area accounted for 85% of the 
annual total runoff 42 
Figure 2.4 Broken Scar Water Treatment Works. Baydale Beck flows into 
the Tees 300 metres upstream of the raw water intake to the 
plant. Since 1993 it has been diverted around the rear of the 
works and into the Tees at the Broken Scar Weir. High flows, 
greater than the 1 in 5 year flood, cannot be diverted and will 
reach the river by the original path (Derived from: Ordnance 
Survey, 1971) 45 
Figure 2.5 Broken Scar catchment geology (Source: NRA, 1994b) 49 
Figure 2.6 Map indicating Broken Scar and Blackwell abstractions and 
Long Newton raw water storage reservoir. The A l Motorway 
crosses the River Tees 1.1 km upstream of Broken Scar raw 
water intakes (Ordnance Survey, 1991) 54 
Figure 2.7 Amenity pesticide use on roadside verges. Pesticide is sprayed 
on to soft and hard surfaces (Source: NRA, 1995a) 56 
Figure 2.8 River Quality Chemical Assessment of Broken Scar catchment 
area (Source: EA, 1996b) 59 
Figure 2.9 River Quality Biological Assessment of Broken Scar catchment 
area. The Broken Scar catchment has the classification 'Good' 
1A and IB (Source: EA, 1996b) 60 
Figure 2.10 A schematic diagram of the current water treatment processes at 
Broken Scar Water Treatment Works. The treatment processes 
involve screening, storage, chemical dosage, clarification, 
filtration, disinfection and pH correction 64 
x 
Figure 2.1 la and b Clarification. Schematic diagrams of types of clarification used 
at Broken Scar Water Treatment Works (Source: Hall, 1997) 
68 
Figure 2.12 Filtration. Schematic diagram of a rapid gravity filter (Source: 
Hall, 1997) 70 
Chapter 3 
Table 3.1 
Table 3.2a 
Table 3.2b 
Table 3.3 
Table 3.4 
Table 3.5 
Table 3.6 
Table 3.7 
Table 3.8 
Sources of pollution from agriculture. Important sources of 
pollution include organic material, nutrients, biological material. 
This study will mainly investigate pesticides (in bold) (Source: 
NRA, 1992) 76 
Proposed (LERAP) Buffer zones in relation to water body size 
(Source: Advisory Committee on Pesticides, 1998) 80 
Proposed (LERAP) Buffer zones in relation to water body size 
and application rate of pesticide (Source: Advisory Committee 
on Pesticides, 1998) 80 
Pesticides in rainwater. Teunissen-Ordelman (1996) found 
pesticides in rainwater in concentrations higher than the drinking 
water standard 83 
Sheep dipping preparations, active ingredients and mode of use 
(Source: Health and Safety Executive, 1997) 92 
The Biochemical Oxygen Demand (BOD) of some common 
organic pollutants (Developed from: NRA, 1992) 94 
Nutrients in animal manure (Danish Agriculture Information 
Office, 1989). Chickens and hens are a rich source of nitrogen 
and phosphorus 94 
Average number of E.Coli in samples from the River Tees and 
Broken Scar Water Treatment Works during 1995 and 1996. 
Monthly samples were taken from River Tees, clarified water, 
filtered water and final disinfected water 106 
Routine Cryptosporidium analysis from the River Tees at Broken 
Scar, 1992 to 1998. The apparent increase in the numbers of 
Cryptosporidium oocysts detected, in 1996 and subsequent years, 
most probably reflects the increase in number of samples taken 
and improvement in analysis techniques. Cryptosporidium 
analysis is still not an exact science 110 
xi 
Figure 3.1 The decline in drift fall-out with distance and the importance of 
leaving a 'buffer' strip (Source: Tooby, 1995) 78 
Figure 3.2 The processes by which herbicides may be lost from the soil after 
application (Source: Fryer and Evans, 1970). Physical, chemical 
and biological processes remove herbicides. The physical 
processes include leaching, adsorption by the soil and 
volatilisation. Chemical, photochemical and microbiological 
processes cause acceleration of the degradation of the herbicide 
compounds 82 
Figure 3.3 Soil structure effects on drainage and leaching (Source: Saull, 
1990) 85 
Figure 3.4a Sheep dipping tank (Source: Health and Safety Executive, 1997) 
89 
Figure 3.4b Immediately after sheep have been dipped, they are dripping with 
pesticide and more importantly, there is a full tank of dip to 
dispose of. (Source: NRA, 1995a) 89 
Figure 3.5a and b (a) "The constant flux of nitrogen in and out of the soil" (Source: 
Saull, 1990). The diagram demonstrates leaching to groundwater 
96 
(b) Estimated amount of nitrogen fertiliser likely to be leached 
below 50 mm in specific soils after 100 mm of excess rainfall 
(Source: Saull, 1990) 96 
Figure 3.6 Leaching is influenced by crop type, climate conditions and 
season (Source: Saull, 1990). I f nitrogen fertiliser is applied, 
when plants are growing strongly and their uptake is high, given 
no immediate rainfall, then the risk of nitrate in runoff wil l be 
low 99 
Figure 3.7 Major phosphorus inputs into surface waters in the UK (Derived 
from Morse et al, 1993) 102 
Figure 3.8 River Tees total summer flows (June to September) at Broken 
Scar, 1957 to 1998 (Data supplied by EA). Flow during the 
summer of the study year, 1995, was the third lowest in 21 years. 
The summer of 1985 had the highest total flow 108 
Figure 3.9a Riparian buffer strips - dry buffer strips "a sink for sediment" 
(Source: EA, 1996a) 117 
Figure 3.9b Riparian buffer strips - wet buffer strips "to remove nitrate" 
(Source: EA, 1996a) 117 
xii 
Chapter 4 
Table 4.1 
Table 4.2 
Table 4.3 
Table 4.4a-d 
Table 4.5 
Tables 4.6a - c 
Pesticide failures from customers' taps in distribution zones 
supplied by Broken Scar Water Treatment Works, April 1993 -
February 1995 122 
Approximate time-of-travel through Broken Scar Water 
Treatment Works and Darlington distribution system 125 
River Tees at Broken Scar - summary of flow statistics, 1994 to 
1998 131 
Pesticide concentrations in samples from tributaries, Surveys 1 to 
4. 
(a) Survey 1 - Pesticide concentration in tributaries of the Tees 
during first rain after drought. Low flow was observed in all 
tributaries (samples taken 8/9/95) 139 
(b) Survey 2 - Pesticide concentrations on tributaries of the Tees 
during first flood after drought (samples taken 26/9/95) 139 
(c) Survey 3 - Pesticide concentrations in sample from River 
Greta during flood (samples taken 3/10/95) 140 
(d) Survey 4 - Pesticide concentrations in tributaries of the Tees 
during flood, all tributaries in high flow (samples taken 
16/11/95) 140 
River Tees minor tributaries - flow data (estimated by EA 'Micro 
Low Flows' computer package). High concentrations of 
pesticides were identified in Langley, Dyance and Ulnaby becks. 
These data give dilution factors for the becks when combined 
with the main river flow in flood 141 
Pesticide analysis data from surveys 2, 3 and 4 - River Tees 
intake at Broken Scar WTW (6 hour composite samples collected 
using an automatic water sampler) 143 
(a) Survey 2 (26/9/95 to 2/10/95) 
xiii 
(b) Survey 3 - (3/10/95 to 10/10/95) 
(c) Survey 4 (16/11/95 to 22/11/95) 
Tables 4.7a - c Pesticide analysis data from Surveys 2, 3 and 4. Samples taken 
from the River Tees by EA 144 
(a) Survey 2 - River Tees samples, during first flood after 
drought (samples taken 26/9/95). 
(b) Survey 3 - Sample from River Tees during flood - taken 
4/10/95. 
Tables 4.8a-c 
Table 4.9 
Table 4.10 
Table 4.11 
Table 4.12 
Table 4.13 
(c) Survey 4 - Samples from River Tees during flood (samples 
taken 16/11/95). 
Surveys 2, 3 and 4. Nitrate, nitrite and ammonium 
concentrations in samples from River Tees at Broken Scar. 
Collected by EPIC automatic sampler - 6 Hour composite 
samples. Values which are higher than normal are underlined 
149 
Data from Northumbrian Water and the Environment Agency 
routine sampling programs. Showing events when pesticides 
were detected in concentrations 0.05 |ig l ' 1 or greater 153 
Data from the Northumbrian Water routine sampling program -
events when pesticides were undetectable, 1995 to 1998 155 
River Tees flow statistics 1994 to 1998. When the period of time 
(hours) during which the flow is in excess of 40 m 3 s_1 is 
examined. The duration of larger floods in 1996 was 
significantly less than in other years between 1994 and 1998. 
161 
River Tees flow event statistics, 1994- 1998 166 
River events categories: five flow ranges with further 
classification of runoff and stable flow. A l l flows over 40 m 3 s"' 
are classified as runoff 164 
xiv 
Table 4.14 
Table 4.15a-d 
Pesticide present and absent events categorised into river flow 
events 168 
Observed vs. expected rising events 172 
(a) To test randomness of sampling and statistical procedures all 
events are examined. The number of runoff events observed was 
close to the number expected. 
(b) Observed and expected rising events for all pesticide-present 
and pesticide-absent samples. Significantly more rising events 
were observed for pesticide-positive samples than were expected. 
(c) Observed and expected rising events for agricultural 
pesticide-present and pesticide-absent samples. Although the 
disparity between observed and expected events is more 
pronounced, the number of data are too small for the Chi-square 
test. 
(d) Chi-square distribution - there are two classes, pesticide-
present and pesticide absent events. Therefore one degree of 
freedom applies. 
Table 4.16 Cost savings predicted for change of classification of flood, from 
'flow' to 'rising', for Powdered Activated Carbon (PAC) dosing 
regime 177 
Figure 4.1 Schematic diagram of Teesdale and Teesside supply distribution 
system showing impounding reservoirs, Lartington and Broken 
Scar Water Treatment Works, trunk mains, major service 
reservoirs and distribution zones 123 
Figure 4.2 Pesticide failure event - sample from customer's tap in North 
Darlington on 16/2/95 at 09:50h. Estimated time of pollution 
entry to works plotted against River Tees flow at Broken Scar 
weir 126 
Figure 4.3 Flood event on the River Granta at Babraham, Cambridgeshire, 
England indicating rainfall, river flow and pesticide 
concentrations (Source: Clark et ah, 1990) 128 
xv 
Figure 4.4a and b River Tees flow at Broken Scar weir 130 
(a) January to December, 1994. 
(b) January to December, 1995. 
Figure 4.5 Schematic of River Tees indicating major tributaries, Broken 
Scar Water Treatment Works, EA gauging stations and sampling 
points for the 1995 surveys (Developed from EA, 1996b). .. 
133 
Figures 4.6a and b Rainfall (a) measured at Broken Scar WTW and River Tees flow 
(b) at Broken Scar weir during May to December 1995. A 
drought occurred during 1995; with only small amounts of rain 
falling between May 1 s t and September 30 t h. Initiation of surveys 
1 to 4 is indicated by the arrows 134 
Figures 4.7a and b Samples from River Tees and Broken Scar Final water plotted on 
to hydrograph of River Tees at Broken Scar weir 145 
(a) Samples From River Tees and Final Water at Broken Scar 
WTW. Estimated time of entry to works plotted against River 
Tees flow at Broken Scar weir. 
(b) Pesticide-present event - sample from customer's tap, South 
Darlington. Estimated time of pollution entry to works plotted 
against River Tees flow at Broken Scar weir. 
Figure 4.8a and b Nitrate concentrations plotted in relation to a hydrograph 
indicating relationship between river flow and nitrate 
concentration 151 
(a) Surveys 2 and 3, from 25/9/95 to 9/10/95 
(b) Survey 4, from 15/11/95 to 21/11/95 
Figure 4.9 Pesticide failure event (diuron) - sample from customer's tap 
(30/4/98 at 10:20h), North Darlington. Estimated time of 
pollution entry to works plotted against River Tees flow at 
xvi 
Broken Scar weir 159 
Figure 4.10 River flow data (1994 - 1998) plotted against pesticide present 
events in Darlington and pesticide failure events in the Broken 
Scar Water Treatment Works distribution system 162 
Figure 4.1 la - c Examples of stable, low flow runoff and high flow runoff river 
events indicating estimated time of entry to works plotted against 
River Tees flow at Broken Scar weir 167 
(a) Stable flow pesticide-absent event, sample from customer's 
tap, South Darlington. 
(b) Low flow runoff pesticide-present event, sample from 
customer's tap, North Darlington 
(c) High flow runoff pesticide-present event - sample from 
customer's tap, South Darlington. 
Figure 4.12 Pesticide 'present' and 'absent' events categorised against flow 
events 169 
Chapter 5 
Table 5.1 Current and projected Northumbrian Water sample program 
costs and compliance implications. The cost to include all 
pesticides in 'use in ' the UK in the analysis suite would be an 
extra £400,000, which would be passed on to the customer. 
However, the beneficial effect of these extra parameters on 
compliance could be 0.2 % 179 
Table 5.2 Non-agricultural herbicide use in England and Wales, 1989. 
Atrazine and simazine accounted for 39% of all non-agricultural 
pesticides in 1989 (Source: Department of the Environment, 
1996b) 184 
Table 5.3 Pesticide physical and chemical properties. The five main 
parameters which affect a pesticide's mobility are water 
solubility, vapour pressure, soil sorption coefficient, soil half life 
and acid and base ionisation equilibrium constants (Hornsby et 
al., 1996). Atrazine and diuron have been found to be mobile, 
glyphosate is believed to be non-mobile 192 
xvn 
Table 5.4 Examples from Homsby et al.'s (1996) 'pesticide properties 
database'. Pesticide property values are selected using primary 
data and data from other databases 197 
Table 5.5 Agricultural and Non-agricultural data included in the 'Pestview' 
System. There have been annual agricultural surveys since 
1994/95. Non-agricultural and sheep farmer surveys are only 
carried out every five years (Produce Studies Group, 1994, 
Weddepohl, pers. comm.). Data used for Northumbrian region 
are from the North East - Yorkshire and Humberside 200 
Tables 5.6 'Pestview' load and risk assessment data for the Broken Scar 
catchment. Notable pesticide loads include isoproturon and 
chlormequat. Notable risks include fluroxypyr, MCPA and 
asulam 209 
Table 5.7 Pesticides identified by 'Pestview' as used or a risk to surface 
water' in the Northumbrian Water area. Of the 42% in the 
current Northumbrian Water (NW) sample program 75% have 
been detected in concentrations over 0.05 (ag l ' 1 during 1996 to 
1998 210 
Table 5.8 27 pesticides were detected in the Northumbrian Water area in 
significant concentrations by Northumbrian Water and EA, 
1/1/96 to 31/12/98. 'Pestview' identified five of these pesticides 
to be in 'Top Ten' use or risk categories. 16 are common use as 
amenity pesticides or sheep dips 210 
Table 5.9 Classification of amenity pesticide type, e.g. 'Urea compounds' 
may be diuron or bromacil or any proportion of the two 
combined 212 
Table 5.10 'Top Twenty' pesticides in use in Broken Scar catchment during 
the 1995 summer and survey period. Five of these pesticides 
(highlighted in red) were included in the survey. The highest 
pesticide load on the catchment was from isoproturon, which was 
applied in October and November 219 
Table 5.1 la - c Pesticide use in River Tees, Broken Scar, catchment (a 1995/6; b 
1996/7; c 1997/8). The load of individual and total pesticides 
has increased throughout the three year survey period 224 
Figure 5.1 Some routes by which non-agricultural use of herbicides can 
contaminate water-bodies (Source: HSE, 1992). Amenity 
pesticides pollute water via hard surface runoff into drains. 
181 
xviii 
Figure 5.2 Pesticide levels in raw water, Severn Trent (Garnett, 1995). 
Simazine and atrazine levels declined from 1990 to 1993. Levels 
of diuron increased over the same period. Glyphosate has been 
used increasingly in place of diuron since 1992. Diuron levels 
have fallen over this period 185 
Figure 5.3 Pesticides and metabolites detected in the River Meuse, 1990 to 
1995 (Developed from a poorly reproduced overhead from: van 
Dijk, 1997). Atrazine was detected in decreasing concentrations 
from 1990 to 1995. Diuron, first detected above the 0.1 i l l " 1 limit 
in 1991, increased until 1993, then decreased in 1994 and was 
not detected in 1995. Glyphosate and its metabolite AMP A were 
first detected in 1994 186 
Figure 5.4 Neely and Blau (1977) used simple models to predict hydrolysis, 
photolysis and volatilisation of chlorpyrifos after a single 
application of pesticide to earthen ponds. The model accurately 
predicted the rate of reduction of chlorpyrifos concentration in 
fish and water over time 190 
Figure 5.5 Survey carried out by 'Produce Studies Ltd' of use of non-
agricultural pesticides in the Broken Scar catchment in 1995 
(total annual load 447 kg). Phosphonic and urea compounds 
accounted for 69% of the total load applied 213 
Figure 5.6 'Pestview' thematic map of pesticide use (kg ha"1) in Broken 
Scar catchment area, July 1997 to June 1998. Surface water 
drainage network shown in purple, parish boundaries shown in 
black. Pesticide use increases eastwards towards Broken Scar 
Water Treatment Works 217 
Figure 5.7. Pesticide present events plotted onto chart of Broken Scar 
rainfall data and catchment pesticide loading. Pesticides 
occurred in water treated at Broken Scar after catchment had 
been treated with this pesticide and rainfall had occurred. 
'Pestview' (expected risk) did not predict an increased risk at 
these times 220 
Figure 5.8 River flow and pesticide events (from Chapter 4) plotted against 
annual pesticide loading (from 'Pestview'). No clear relationship 
exists between pesticide loading and pesticide events 222 
Figure 5.9 Trends of agricultural pesticide use in the Broken Scar 
catchment, 1995 to 1998. MCPA and 2,4 - DB use has increased 
significantly over the 3-year survey period 223 
Figure 5.10 Increase in load and 'Pestview' risk assessment of asulam and 
metaldehyde in the Broken Scar catchment, 1995 to 1998. 
xix 
/ 
Asulam load' increased in 1996/97 and 1997/98, risk increased in 
1997/98. Metaldehyde risk and load increased in 1997/8 225 
Chapter 6 
Table 6.1 There are disparities between surface water, groundwater and 
drinking water regulations when comparing their pesticide limits. 
236 
xx 
Acronyms 
AES Analytical Environmental Services 
DWI Drinking Water Inspectorate 
EA Environment Agency 
EEC European Economic Community 
ESA Environmentally Sensitive Area 
GIS Geographical Information System 
LNO Liquid Natural Gas 
MAFF Ministry of Agriculture Fisheries and Food 
NRA National Rivers Authority (now part of the Environment Agency) 
GECD Organisation for Economic Co-operation and Development 
PCV Prescribed Concentration or Value 
SSSI Site of Special Scientific Interest 
xxi 
Declaration 
The work contained in this thesis is entirely that of the author. Material from published 
work of others, which is referred to in this thesis, is credited to the author(s) in the text. 
No part of this work has been submitted for any other degree in this or any other 
university. 
Roslyn M. Shedden 
Copyright 
The copyright of this thesis rests with the author. No quotation from it should be 
published without their prior written consent and information derived from it should be 
acknowledged. 
Acknowledgements 
I have had help and advice from many people during this project. I must give particular 
thanks to Graham Hull and David Lindsey from the Environment Agency. Graham 
gave advice on designing the survey for the study and organised the Environment 
Agency sampling. David provided gauging station and river flow data. I thank Paul 
Knowles from AES who gave the pesticide analytical advice and coordinated the 
analysis of the large number of samples taken during the surveys. My supervisor Jeff 
Warburton expertly directed my studies and kept me working. I must also thank my 
husband, Ted Shedden, who proof read the final draft and my Northumbrian Water 
colleagues, Susan Ferguson, Richard1 Foster, Allan Snape, Andrew Pears and Jim 
Prentice, who enthusiastically supported me throughout this project. 
Finally, thanks to my son Colin Shedden (now aged 16) for providing superb IT 
support; The publishing for this study was carried out at home and Colin has 'nursed' 
my computer through. 
AN INVESTIGATION INTO T H E E F F E C T S OF FLOODS ON 
PESTICIDE L E V E L S IN T H E R I V E R T E E S 
Chapter 1 
Introduction 
Aim of Project: 
To investigate the effects of floods on pesticide levels on the River Tees and the 
implications for drinking water production at Broken Scar Treatment Works. 
"The risk of river pollution from agriculture has increased over the last 50 years as 
farming practices have intensified" (National Audit Office, 1995 preface). They 
reported that agriculture was found to be the source for 11% of substantiated pollution 
incidents in England in 1993 (Figure 1.1). Moreover, they also recognised that farming 
pollution incidents are probably under-reported because of the isolated position of many 
farms and the fact that the Environment Agency rely heavily on the public bringing 
pollution incidents to their attention. 
1.1 Pesticides and agriculture, the legacy of organochlorine pesticide use and 
pesticides currently in use 
One common practice of intensive agriculture, which presents a significant risk to river 
water quality, is pesticide application on to farmland. Moreover, pesticide use has 
Figure 1.1 Distribution of substantiated pollution incidents by 
source 1993. Agriculture accounted for 11% of all substantiated 
pollution incidents in England in 1993 (National Audit Office, 1995) 
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generated much public fear and controversy due to the discovery in the 1960s that 
persistent organochlorine insecticides such as DDT and aldrin were affecting a wide 
range of species (Carson, 1962; Coleman- Cooke, 1965; Mellanby, 1967; Waldichuk, 
1979; Holdgate, 1979). Carson's (1962) book Silent Spring brought to the public notice 
the generally careless manner in which lethal pesticides were used. Carson's book 
became a best seller and was instrumental in the emergence of 'The Green Lobby'. She 
reported on what amounted to the wholesale slaughter of wildlife, particularly birds. 
This was largely due to the persistence of organochlorine pesticides in the environment, 
which when combined with their lipid solubility caused them to be bio-accumulated in 
body fat. In addition, 'magnification' effects (Moore and Walker, 1964; Mellanby, 
1969; Southwick, 1976) were observed through the food chain. This point is illustrated 
by the DDT concentrations in water, shrimps and birds (Table 1.1), which demonstrate 
increasing concentration in the food chain. This 'magnification' effect had a major 
effect on sea birds. The eggshell thinning of the bald eagle, peregrine falcon and the 
osprey was correlated with DDT usage (Johnston, 1974). 
In humans, the isolation of DDT in breast milk due to DDT accumulation in human 
body tissues (World Health Organisation, 1984) was highly emotive. "DDT was first 
used for the protection of military areas and personnel, mainly against malaria, typhus, 
and certain other vector-borne diseases during the Second World War. Widespread 
agricultural use dates from 1946 in the USA and slightly later in most other countries" 
(World Health Organisation, 1984 pl91). The use of DDT in the USA peaked in 1959, 
then declined from the mid 1960s and was finally banned in the United States in 1972 
(Table 1.2). However, DDT is still in use in some parts of the world (Colborn et ai, 
1997) and residues from earlier applications still persist. There are currently many 
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Table 1.1 Concentration of DDT in the food chain. "DDT levels in river and 
estuary waters may be low, but zooplankton and shrimps contain higher levels, th« 
fish that feed on them higher levels still, while fish-eating: birds; have the highest 
level of all." (Goudie, 1993 p97 citing King, 1975).) 
Source mg kg 1 DDT 
River water 0:000003 
Estuary water 0.00005 
Zooplankton 0.04 
Shrimps 0:16 
Insects-Diptera 0:3 
Minnows 0.5 
Fundulus 1.24 
Needlefish 2 
Tern 2.80-5.17 
Cormorant 26.4 
Immature gull = - - 75.5 -
Table 1.2 Annual usage of DDT and related compounds in the United States of 
America. The use of DDT reached its peak in 1959, then declined and was finalb 
banned in 1972: 
Year Annual1 usage 
1959 35 x 106 kg 
1966-67* 27 x 106 kg* 
1971 8.1 x 106 kg 
Sources: 
Goudie, 1993 
* Agricultural Research Council, 1970 
studies investigating the consequences of pesticide applications on to land, which took 
place decades ago. For example, research into DDT and breast cancer is producing 
conflicting evidence, but has indicated that present day-levels of DDT may be 
increasing the risk of breast cancers (Falck et al., 1992; Wolff et al., 1993; Krieger et 
al., 1994; Colborn et al., 1997). More recently, studies have drawn parallels between 
the disruptive reproductive effects of organochlorine pesticides and other environmental 
contaminants which have endocrine disrupting effects, e.g. oestrogenic and related 
activities (Medical Research Council, 1995; Colborn etai, 1997; Sumpter and Sohoni, 
1998). 
The pesticides in use today are more specific and less persistent. They are more water 
soluble (Table 1.3) and therefore do not bio-accumulate in fatty tissues in animals. 
However, many modern pesticides are now suspected of having endocrine disrupting 
effects (ENDS, 1999a). Table 1.4 lists pesticides which are confirmed or potential 
endocrine disrupters. The list of potential endocrine disrupters includes Glyphosate, 
arguably "the world's best selling herbicide" (Monsanto, 1999). Glyphosate is 
suspected of affecting sperm quality and human libido. Moreover, the greater solubility 
of modern pesticides increases the possibility of acute pollution of watercourses and, 
therefore, higher concentrations of pesticides are detected in surface and groundwaters. 
1.2 The study of pesticide movement to surface water 
Numerous studies have identified the movement of pesticides to surface water through 
leaching and runoff (Wauchope, 1978; Brook and Mattiessen, 1991; Matthiessen et al., 
5 
Table 1.3 Solubility (in water) and half-lives of certain pesticides. 
Aldrin and DDT are virtually insoluble, 2,4-D and MCPA are highly 
soluble.: Aldrin degrades to dieldrin which is extremely persistent. DDT 
may not degrade, it volatilises and spreads over wide areas; 
Compound Solubility (mg I ) Half-life 
Aldrin *0.02 @ 20 UC ** 1.5 years as dieldrin 
(calculation) 
DDT *0.04 @ 20 X ***thought not to degrade, 
apparent losses are due to 
volatilisation 
Fenitrothion ****30 @ 21°C no data available 
Propetamphos ****H0 @ 24°C ****5 days (in sunlight) 
2,4-D ****620 @ 20 C ****10 days 
MCPA ****825 @ Room temp. ****25 days 
Mecoprop ****520 @ 20 °C ****21 days 
Isoproturon ****-/2 @ 20 °C ****12 - 29 days 
Sources: 
* Agricultural Research Council (1970) 
**Horasby et al. (1996) 
***Eichelberger and Lichtenberg (1971) 
* * * *Royal Society of Chemistry (1991) 
Table 1.4 Pesticides suspected of endocrine disrupting effects by Germany's Federal 
Environment Agency (ENDS, 1999a). 
Confirmed endocrine disruptors 
Epoxyconazole Has effects on sex hormone balance and causes ovarian tumours 
Metiram Reduces levels of thyroid hormones 
Procymidon Causes feminisation because of its anti-androgenic properties 
Vinclozolin A metabolite has anti-androgenic properties, causing feminisation 
Potential endocrine disruptors 
Amitraz Prolongs oestrus 
Benomyl Metabolite is oestrogenic 
Carbendazim Affects testes, sperm and pituitary gland 
Carbofuran Affects testosterone metabolism and sperm 
Chlorpyrifos Linked to male and female genital deformities 
Deltamethrin Affects sperm and placenta 
Dimethoate Affects sperm and prolongs pregnancy 
Glyphosate Affects ejaculate volume, sperm quality and libido 
Oxydemeton-methyl Affects egg production and testis and ovary size 
Penconazole Affects thyroid, prostrate and testis weight 
Prochloraz Affects pituitary weight 
Propiconazole Affects steroid metabolism 
Trichlorfon Causes mammary tumours and affects sperm and egg production 
Tridemorph Linked to cystic ovaries 
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1992; Williams et al., 1995). The results of a flood study in Cambridgeshire showed 
"that the concentration of several pesticides (isoproturon, simazine, propyzamide, 
chlortoluron) in the river water correlates directly to river flow. Others (simazine, 
atrazine, mecoprop, propyzamide) correlate with the heavy rainfall preceding the 
flood." (Clark et al., 1990 pl3). 
The present study aims to investigate these effects for the River Tees, Northern 
England. However, it is the first 'large catchment' pesticide study to be undertaken, as 
previous studies have investigated either small catchments or sub-catchments. 
Therefore, the study is essentially 'a first look' to investigate the general availability of 
pesticide data and provide, from a preliminary field study, information about the 
quality of the River Tees water during floods. This will assist in safeguarding public 
health, and also prevent pollution entering the drinking water supply. Danger to health 
and prosecution of Northumbrian Water by the Drinking Water Inspectorate will also 
thereby be prevented. 
1.3 Pesticides and river water quality 
River water is surface water, which flows at the atmosphere - lithosphere interface and 
is derived from precipitation via three indirect pathways, surface runoff, interflow and 
groundwater discharge (Figure 1.2). The water quality of a river is therefore dependent 
on the catchment conditions. Catchments have many potential sources of 
contamination particularly during floods, when surface runoff is increased and may 
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Figure 1.2 Diagram of the various pathways of water after arrival in a catchment. 
River water is mainly derived from precipitation via three indirect pathways. Surface 
runoff and interflow, which may contain pollution from the catchment, e.g. pesticides. 
Groundwater discharge should be less polluted (Source: Townsend, 1980 p8). 
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become the major input to the river. For example, during heavy rain, runoff from 
agricultural land can introduce pesticides into watercourses. 
The water quality of rivers supplying British potable water treatment works is routinely 
monitored for a wide range of parameters. However, this regular scheme of monitoring 
does not give an accurate record of episodic events, especially floods. This is because 
sampling programmes are based on simple strategies (e.g. one sample per day, month or 
quarter). However, "the concentration of pollutants in receiving waters fluctuates 
widely and rapidly" (Abel, 1996 p70). Therefore, even i f samples are taken frequently, 
peak concentrations wil l probably be missed entirely (Figure 1.3). Chemical analysis of 
samples taken from rivers simply indicates "the conditions prevailing at the instant of 
sampling" (Abel, 1996 p70). It is therefore not surprising that routine sampling of this 
kind has not identified any problems in many rivers. 
Pesticides have been identified in drinking water by many water companies including 
Northumbrian Water (Department of the Environment, 1993; 1994b; 1995; 1996a; 
1997; 1998). Furthermore, regulation in the drinking water industry is becoming 
progressively more stringent. Drinking water must comply with the 'Drinking Water 
Directive' set by the European Economic Community in 1980. These regulations were 
embodied in United Kingdom law by the 'The Water Supply (Water Quality) 
Regulations 1989' and the Council Directive 98 (Statutory Instruments, 1998b), which 
are enforced by the 'Drinking Water Inspectorate'. This tighter control means that 
pesticides, even in low concentrations, may become a significant polluter of the river 
environment. Also new hazards, biological (e.g. toxoplasmosis (Bowie, et al. 1997)) 
10 
Figure 1.3 Diagram showing theoretical pollution incidents, indicating times of 
sampling from a routine sample program. The diagram demonstrates that sampling, 
even at frequent intervals (arrows), can easily miss significant peak concentrations. 
The data series (in red) derived from this theoretical sampling program would give an 
entirely wrong impression of the water quality (Developed from Abel, 1996). 
a. 
Time 
1 1 
and chemical (e.g. pharmaceutical products (Pearce, 1999)), are increasingly being 
identified and therefore the drinking water processes and procedures require continuous 
appraisal and improvement. 
1.4 Water pollution on the River Tees 
Moriarty (1983) defines "pollutants" as substances that occur in the environment at 
least in part as a result of human activities, and which have a deleterious effect on 
living organisms. The Tees above Broken Scar is a relatively unpolluted river due to 
the lack of heavy industry and intensive arable farming in its upper catchment. The 
Environment Agency uses the National Water Quality Classification Scheme to judge 
and compare water quality (Table 1.5). The River Tees at Broken Scar is classified as 
'Good' (1A or IB), providing 'High quality water suitable for potable and supply 
abstractions, game and other high class fisheries and high amenity value' (EA, 1996b). 
Notwithstanding, there are still many activities which threaten the water quality of the 
River Tees (Table 1.6). Kinnersley (1994) reported that although agriculture accounted 
for 12% of all substantiated pollution incidents in England in 1992, in the 
Northumbrian region only 5% of incidents were attributed to agriculture (Figure 1.4). 
However, given the predominantly rural nature of the Broken Scar catchment (Figure 
1.5), it is likely that agriculture will have a considerable influence on the quality of 
water at Broken Scar. "For some time there has been increasing public and political 
concern about the effects of modern farming methods on the environment and, in some 
instances, on human health" (NRA, 1992 p l l ) . This study will focus on farming 
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Figure 1.4 Agriculture accounted for only 5 % of substantiated 
pollution incidents in the Northumbrian region in 1992. This is 
significantly lower than the 1992 national average of 12% 
(Kinnersley, 1994). 
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activities, specifically pesticides. Recently, pesticide levels have caused concern both 
locally and nationally (NRA, 1995a; Lundbergh et al, 1995). Furthermore, pesticides 
pose major problems for the water treatment industry. For example, when this study 
began in 1995, Northumbrian Water had collected samples from consumers' taps in a 
routine random sample programme in the previous three years, which had 'failed' on 
pesticides on a number of occasions (Table 1.7). A 'failure' is when a sample taken 
from the final treated water sample point at the treatment works or from a customer's 
tap within the distribution system is analysed and found to exceed the 'Prescribed 
Concentration or Value' (P.C.V.) set by regulations (Statutory Instruments, 1989a). 
1.5 Pesticides 
A pesticide is defined as "any substance, preparation or organism prepared or used for 
destroying any pest" (NRA, 1995a p2). By far the greatest use of pesticides is for crop 
protection. Crops are globally threatened by hundreds of disease organisms. They have 
to compete with approximately 1800 weed species, and potentially can be consumed by 
roughly 10,000 insect and 8000 nematode species. It is estimated that possibly 30% of 
world crop production is lost each year and that this loss would be doubled if existing 
use of pesticides were discontinued (Kidd and Hartley, 1987). Kidd and Hartley state 
however that this is not universally accepted and that current agricultural surpluses 
should also be taken into account. Alternative methods of pest control are being 
investigated. "Wratten and Thomas (1990) and Thomas and Wratten (1990) describe 
successful manipulations of the arable environment to encourage natural enemies of 
17 
Table 1.7 Pesticide failures from customers' taps, indicating distribution zones, 
April 1993 - February 1995. Zones T2 and T3 are supplied solely by Broken 
Scar, zones T4-T40 are supplied by Broken Scar and Lartington, Zone T l is 
supplied solely by Lartington Water Treatment Works. 
1993 
Proportion 
Broken Scar water ( 
Zone Pesticide detected 
Concentration 
18.05.93 
06.05.93 
19.05.93 
18.05.93 
01.07.93 
18.05.93 
18.05.93 
100 
100 
100 
50 
50 
50 
50 
T2 
T3 
T3 
T5 
T5 
T i l 
T40 
Mecoprop 
Trichlopyr 
Mecoprop 
Mecoprop 
2,4-D/Trichlopyr 
Mecoprop 
Mecoprop 
0.15 
0.15 
0.16 
0.22 
0.13/0.17 
0.15 
0.21 
1994 
22.09.94 
13.10.94 
13.10.94 
13.10.94 
13.10.94 
13.10.94 
13.10.94 
50 
50 
50 
50 
50 
50 
50 
T14 
T i l 
T12 
T15 
T37 
T38 
T40 
Chlortoluron 
Mecoprop/MCPA 
MCPA 
Mecoprop/MCPA 
Mecoprop/MCPA 
Mecoprop/MCPA 
Mecoprop/MCPA 
0.13 
1.2/0.27 
0.17 
0.36/0.19 
0.44/0.15 
1.0/0.34 
0.69/0.23 
1995 
16.2.95 
16.2.95 
16.2.95 
16.2.95 
16.2.95 
100 
50 
50 
50 
50 
T02 
T15 
T21 
T25 
T29 
Mecoprop/MCPA 
Mecoprop 
Mecoprop 
Mecoprop 
Mecoprop 
0.16/0.12 
0.11 
0.11 
0.21 
0.14 
Notes: 
Common name Chemical name 
2,4-D 
MCPA 
Mecoprop 
Trichlopyr 
1*1*1 -trichloro-2,2-bis(4-chlorophenyl)ethane 
(2-chloro-2-methylphenoxy)acetic acid 
(+)-2-(4 chloro-2-methylphenoxy)propionic acid 
3,5,6,-trichloro-2-pyridionooxyacetic acid 
Zones Origin of water 
Zone T1 Lartington WTW 
Zones T2 - T3 Broken Scar WTW 
Zones T3 - T40 Lartington and Broken Scar WTW's 
Location 
Teesdale/some areas of Darlington 
Darlington only 
East of Darlington, e.g. Sadberge, 
Teesside, Guisborough 
pests" (NRA, 1992 p63). Genetic modification to produce disease resistant species may 
also have the potential to reduce the dependence on pesticides (NRA, 1992). 
Pesticides are commonly used by farmers in intensive agriculture, and "can enter the 
aquatic environment from point or diffuse sources" (Figure 1.6) (NRA, 1995a p4; 
Lundberge et al., 1995). Point-source pollution is most probably caused by improper 
use, e.g. from poor handling of pesticide resulting in spillage. Moreover, ENDS 
(1999b) recently reported that 50% of pesticide pollution in rivers might come from 
apparently minor farmyard spills. Diffuse source pollution may result even with correct 
handling, where heavy rain occurs a short time after spraying. 
The Environment Agency has an integrated approach to the management of the water 
environment (Pygott and Large, 1998). They produce catchment-based environment 
management plans, called Local Environment Agency Plans (LEAPs), which integrate 
all the functions of the agency. LEAPs are given wide-scale consultation before being 
finalised. The key to the LEAP strategy is the farm campaign, which includes visits and 
inspection of practices to identify required pollution prevention work, targeted to 
prevent both point and diffuse source pesticide incidents. The primary aims of the 
visits are to build good relationships with farmers and to give advice and direction on 
safeguarding water quality (National Audit Office, 1995). The Ministry of Agriculture, 
Fisheries and Food (MAFF) also has a general responsibility to protect the health of 
humans, creatures and plant life, and to safeguard the environment (MAFF, 1993). The 
specific use of pesticides is covered by the Control of Pesticide Regulations 1986 and 
all pesticides used in agriculture, horticulture, forestry, food storage and the domestic 
garden are assessed for safety by the Pesticide Safety Directorate (PSD). There are also 
19 
Figure 1.6 Pesticides can pollute water from point and diffuse sources (NRA 1995). 
Diffuse sources include runoff from field drains. Point sources may be from careless 
handling (Source: NRA, 1995). 
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statutory requirements for people who store, sell, or supply pesticides for use in 
agriculture, horticulture, in or near water and in forestry to hold certificates of 
competence issued by the National Proficiency Tests Council. There are several 
guidance and statutory guidance publications to aid farmers and growers to meet their 
legal obligations, e.g. Statutory Instruments 1986 and MAFF 1979, 1991, 1993 and 
1998. 
Pesticides are highly toxic compounds and may, even in trace concentrations, pose a 
risk to health in terms of birth deformities, cancers and diseases of the nervous system. 
(World Health Organisation, 1984). The standard for pesticides in drinking water in the 
EEC which is also incorporated in UK law, is 0.1 Jig l " 1 for individual pesticides and 0.5 
fig l " 1 for total pesticides (Statutory Instruments, 1989a and b). There is evidence to 
suggest that recent pesticide 'failures' in the drinking water (Table 1.7) in Darlington 
and Teesside can be linked to River Tees floods. 
However, the evidence of a link between pesticide failure and floods is anecdotal and 
therefore has no scientific basis. Notwithstanding, there is strong evidence linking 
drinking water 'failure' to Broken Scar Treatment Works. Samples collected in 
Darlington (supplied solely from Broken Scar) and Teesside (supplied by a mixture of 
Broken Scar and Lartington Water Treatment Works, treated waters) have failed on 
pesticides. There have been no pesticide failures in the distribution systems fed by 
Lartington alone (Table 1.7). This is not unexpected as Lartington Treatment Works is 
situated in Teesdale, above Barnard Castle, and is supplied directly from upland 
reservoirs, from the Lune and Balder catchments (Figure 1.5). The area is moorland 
and there is less intensive farming activity in this area than lower down in the 
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catchment. Moreover, Clifton and Hedley (1995) reported that the Tees uplands are 
"relatively clean and unpolluted". 
Pesticides can be removed at the treatment works by installing advanced treatments 
using ozone, activated carbon and hydrogen peroxide (Croll, 1995). There has been no 
need in the past for advanced treatments at Broken Scar, because routine monitoring by 
the Environment Agency and Northumbrian Water prior to the 1990s proved the river 
water to be of high quality, with only trace levels of pesticides found infrequently in the 
drinking water. The sites were resampled when the laboratory reported the analysis and 
no pesticides were detected in any resamples. Although data are only fragmentary, 
there now appears to be a pattern emerging, of failure after floods. Advanced 
treatments may therefore be needed in the future to safeguard health and to comply with 
regulations. However, the cost to the consumer would be high. The cost of installing 
ozone treatment and activated carbon filters to a treatment works the size of Broken 
Scar would be approximately £15,000,000 and the operating cost a further £1,000,000 
per year. I f the source of these pollutants were found to be mainly during flood, the 
Broken Scar Treatment Works river intake could be closed and clean river water 
previously stored at Long Newton could be used at these times to reduce the need for 
more expensive treatments. Alternatively a limited use of advanced treatments, during 
peak risk periods, could be an option. 
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1.6 Technological hazards and perception of risk 
Drinking water quality has improved measurably (Figure 1.7), yet "1 - in - 4 won't 
drink tap water" (Lean, 1998). In 1992 the Foundation for Water Research reported 
that 20% of people surveyed were dissatisfied with the safety of their drinking water. 
Furthermore, a significant proportion, two in five, boil/filter tap water or buy bottled 
water to drink. A recent statement to the press from the Drinking Water Inspectorate 
revealed that there has been some improvement: however, one in four of customers 
surveyed will not drink water directly from the tap. 
During the post-privatisation period the water companies in England and Wales have 
steadily improved their performance against the exacting water quality requirements of 
the Drinking Water Inspectorate (Figure 1.7). "The provision of 'safe' and aesthetically 
acceptable water is secured" (Fawell and Miller, 1992 p727) so the public should feel 
protected and reassured. Unfortunately, scientific experts disagree, in well-publicised 
debates, over whether individual limits are set at 'safe levels'. Customers are unable to 
interpret quality statistics as they "have only their primary senses to judge water quality, 
and rarely will taste, odour and appearance give any indication of the 'problems' posed 
by nitrate, pesticides, aluminium, trihalomethanes and lead, the front runners in the 
media campaigns" (Fawell and Miller, 1992 p726). It is, therefore, perhaps not 
surprising that so many people have such a poor perception of the safety of drinking 
water. 
Moreover, toxic contaminants in drinking water, e.g. nitrates, pesticides and heavy 
metals, are hazards that have been caused by pollution from modern agriculture or 
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Figure 1.7 England and Wales water companies compliance with 
drinking water standards, 1992 - 1997 (Department of the 
Environment, 1993; 1994b; 1995; 1996a; 1997; 1998). Drinking 
water quality has improved steadily, from 1992 to 1997. 
1992 1993 1994 1995 1996 1997 
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industry. Cutter (1993 p i ) states "Technological hazards arise from our individual and 
collective use of technology and present a very different set of problems and responses 
than natural hazards". Pesticides in drinking water are unacceptable to the customer: 
however they may not be extreme hazards. To achieve a perspective on hazard, a table 
of taxonomy of hazard can be used (Table 1.8). However, such a classification is still 
subjective. Modern pesticides, using this categorisation, may rank as hazards alongside 
food additives and appliances, or represent extreme hazards classed alongside 
antibiotics and vaccines. Furthermore, some pesticides, e.g. organochlorines, are 
persistent teratogens and pose a diffuse global threat. However, Cutter (1993) also 
argues the case for the positive effects of pesticides (i.e. stable food supply) and 
discusses the balancing of risk and benefit, but recognises "not everyone is in 
agreement on the trade-offs" (Cutter, 1993 p64). 
Public perception of risk can be affected by several factors (Table 1.9). I f the risks are 
familiar, controllable and voluntary (e.g. drinking, smoking), then they are perceived as 
acceptable. When the risks are unfamiliar, uncontrollable, and involuntary and may risk 
future generations (e.g. pesticides, radiation), then they are more likely to be perceived 
as unacceptable. Cutter (1993) produced a useful two-dimensional risk characteristic 
map from this information (Figure 1.8). Cutter (1993 pl9) states "Risks that are most 
feared and dreaded are new, not observable, have delayed effects, and have globally 
catastrophic consequences. These risks are in the upper right quadrant of the map." 
Therefore, it is easy to identify why pesticides are perceived as extreme risks as they 
qualify on all these criteria. 
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Table 1.8 Taxonomy of hazards. Pesticides, using this categorisation, are extreme 
hazards as they are intentional biocides. Some pesticides may also be persistent 
teratogens and pose a diffuse global threat (Cutter, 1993). 
Class Example 
1) Multiple extreme hazards Nuclear war, radiation, nerve gas 
2) Extreme hazards 
a) intentional biocides antibiotics, vaccines 
b) persistent teratogens uranium mining, asbestosis 
c) rare catastrophes LNG explosions, aeroplane crashes 
d) common killers car crashes, smoking guns 
e) diffuse global threats ozone depletion, greenhouse warming, AIDS 
3) Hazards food additives, appliances 
Table 1.9 Qualitative factors affecting risk perception and evaluation. The public perceive 
risks to be more acceptable if they are familiar, controllable and voluntary (e.g. drinking, 
smoking). If the risks are unfairly distributed, then they are more likely to be perceived as 
unacceptable (Source: Glicker, 1992). 
Factors increasing concern Factors decreasing concern 
Unfamiliar Familiar 
Mechanism or process not understood Mechanism or process well understood 
Personally uncontrollable Personally controllable 
Involuntary Voluntary exposure 
Risk to vulnerable populations or future No risk to vulnerable populations or future 
generations generations 
Unclear benefits Clear benefits 
Effects irreversible Effects reversible 
Caused by human actions or failures Caused by acts of nature 
Inequitable distribution of risks/benefits Equitable distribution of risks/benefits 
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Figure 1.8 Two-dimensional risk characteristic map from Cutter (1993 pi9). Cutter 
states "Risks that are most feared and dreaded are new, not observable, have delayed 
effects, and have globally catastrophic consequences. These risks are located in the 
upper right quadrant on the map." 
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The public response to technological hazard can often only be based on information 
supplied by the scientific community and the regulators, which is in turn translated into 
perceived risks by the media. Consequently, the public response can be an over-
reaction, no reaction or under-reaction to the hazard (Cutter, 1993). Fischoff (1985) 
reported other major general deductions from public perception research; people 
simplify and cannot detect omissions in the risk information they receive. Furthermore 
they have difficulty in detecting inconsistencies in disputes about risk and evaluating 
the expertise of the protagonists. People remember what they see and once their minds 
are made up, it is difficult to change them. Moreover, people disagree more about what 
risk is than about its magnitude. More problems occur when scientist opposes scientist 
on issues of hazard. Beck (1992) cited in Adams (1995 pi97) stated "Only a strong, 
competent public debate, "armed" with scientific arguments, is capable of separating 
the wheat from the chaff and allowing the institutions for directing technology - politics 
and law - to re-conquer the power of their own judgement". However, Adams (1995) 
asks how this can be achieved when the scientists cannot agree. 
It has long been accepted that "timely dissemination of accurate information about 
water quality to the public" is important (Hines and Willeck, 1974 p755). Public 
relations departments are now ubiquitous within the water industry. Their role is 
crucial: "Community and public relations are integral components of a water utility's 
operation and are critical to its success." (Glicker, 1992 p50). Information must be 
issued effectively, interpretation and decisions must be seen to be scrupulously honest. 
Once trust has been broken, perception will worsen dramatically (Cutter, 1993). 
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Dissemination of hazard information is usually reported via the media, e.g. newspapers 
and television. Media reporting is often blamed for poor customer perception (Fawell 
and Miller, 1992; dicker, 1992; Cutter, 1993; Speed, 1993; Adams, 1995). Many 
media reports could be interpreted as 'scare mongering' and even scientific, well-
reasoned arguments are often placed under alarming headlines, "Poison on Tap" is a 
well-used example. Notwithstanding, good scientific debate and subsequent reporting 
applies an extremely important control on new technology (Adams, 1995). However, 
many studies are carried out by scientists who are sponsored by interested parties with 
access to large funds. To achieve a balance, therefore, it is important that there is a 
strong and independent environmental lobby backed by a free press and good scientific 
data to strengthen the debate. 
Tucker (1978) credited Carson (1962) with initiating the current public insistence on 
zero risk and zero pollution. He was also prophetic when he stated this to be "the most 
costly and unenforceable aspect in environmental legislation" (Tucker 1978 p53). 
Absolute safety of drinking water cannot be guaranteed. Furthermore, the application 
of currently unachievable standards will result in increased need for sophisticated 
treatment techniques to provide extremely costly drinking water (Fawell and Miller, 
1992). Speed (1993 p419) stated "as we tend towards perfection, costs increase 
exponentially but benefits do not" (Figure 1.9). Furthermore, increased standards are 
likely to reinforce the perception that the current standards are not sufficient and that 
drinking water is unsafe. Standards should only be revised if scientific evidence 
justifies the need (Fawell and Miller, 1992; Speed, 1993). 
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Figure 1.9 Graph illustrating an exponential cost-benefit 
relationship (derived from Speed, 1993). 
Drinking water quality has now 
almost 100% compliance with 
standards (Figure 1.7), to improve 
further will cost exponentially more 
than for previous improvements. 
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"Public perception of (pesticides in) drinking water is a special case" (Fawell, 1990 
pi) . This perception of extreme hazard is reinforced by the European standard of 0.1 
ug l" 1 for any individual pesticide in drinking water. "This is not a figure based on 
protection of public health, but a political statement that pesticides should not be 
present in the drinking water and reflects the detection limit for organochlorines at the 
time the parameter was proposed." (Fawell, 1990 p3). Fawell states "to imply that any 
concentrations in excess of the 0.1 ug l" 1 standard for drinking water will cause damage 
to health is irresponsible and dishonest". However he continues, "their presence in 
drinking water, even in small quantities, is considered to be unnecessary and 
undesirable." The levels of pesticides found in drinking water are rarely present in 
sufficient concentration to cause acute toxicity; therefore the acute toxicity data are of 
little value. The chronic toxicity, i.e. the consequences of long term exposure to 
individual pesticides, is a more relevant measure of risk. More importantly, however, 
mixtures of low level concentrations of pesticides may have "synergistic toxic effects" 
(Lundbergh et ai, 1995 p35). Figure 1.10 demonstrates the combined effects of two 
pollutants. The effect may be simply additive or less than additive, the best case being 
when they are antagonistic, and one pollutant inhibiting the other. I f the effect is more 
than additive the pollutants are said to be synergistic. This effect is reflected in the 
extremely low EEC standard for total pesticides (0.5 |jg l" 1). 
The consensus of opinion appears to be that the standards laid down by the EEC are 
correct. "The highest possible quality of surface waters is of vital importance for the 
human use of drinking water and to protect aquatic life. The aim should therefore be to 
reduce pesticide residues in surface waters to the absolute minimum" (Lundbergh et al., 
1995 p46). Furthermore, EA (1999 pi8) reporting that water companies spent over 
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Figure 1.10 Terms to describe the combined effects of two pollutants. The figure 
demonstrates a simple additive toxic effect and an antagonistic effect where one 
pollutant inhibits another producing reduced toxicity. The effect, which worries 
environmentalists, is synergy, where one pollutant enhances the toxicity, above the 
simple additive effect (Source: Sprague^ 1970). 
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£900 million pounds removing pesticides from water supplies, commented "prevention 
wil l always be better (and cheaper) than cure". Moreover, Court and Trump (1995) also 
reported that operating costs and cost of future capital replacement of pesticide removal 
technology could be saved " i f raw water pesticide concentrations were lowered to levels 
below the pesticide standard" (Court and Trump, 1995 pi) . 
The detection of the source of pollution and therefore the prevention of pesticide 
pollution of the River Tees is outside the scope of this study. However some of the data 
obtained may be used in future studies for this purpose. The specific project objectives 
wil l now be described. 
1.7 Project objectives 
1. To identify the catchment and flood conditions when the risk of pollution from 
pesticides is at its greatest. Are these floods after long droughts or floods after 
prolonged rainfall? 
2. To identify the critical times within a flood when pollution risk is at its greatest; it 
may be at the peak or at some definable point before or after the peak. This 
information will be valuable for treatment management as the intake to the 
treatment works can normally only be shut down for a limited period. Identifying 
the part of the flood with the highest risk is therefore essential. 
3. To assess available pesticide data in England and Wales generally and to examine 
Broken Scar catchment pesticide data in detail. Primarily, the initial data which 
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were provided by Northumbrian Water will be examined as it is crucial that "the 
integrity of the data from which the original conclusion was drawn" (Parr, 1994 
pi35) is investigated. Then all available data will be examined. 
4. To investigate NH4, NO3 and NO2 levels during pesticide pollution events to 
assess their suitability as surrogate parameters for an early warning of possible 
pollution. These nitrogen compounds also occur in runoff from agricultural land 
and Engel (1998) states that nitrate movement to groundwater "is somewhat 
similar to pesticide movement". This may also be the case for surface water and, 
as pesticide analysis is costly and slow, the use of a simple surrogate would be 
beneficial. 
5. To assess 'PESTVIEW', a GIS catchment pesticide investigation tool. 
'PESTVIEW' is advertised as a 'live' database, which is compiled using a 
continuous survey of U.K. agriculture. Wilcock (1993 p365) reported that the 
intermittent nature of pesticide pollution necessitates the use of intensive 
sampling. To reduce costs and to monitor pesticides more effectively monitoring 
must be targeted towards "those compounds having the highest potential for water 
pollution". Furthermore, the Commission of the European Communities (1995) 
affirmed that monitoring the pesticide content of water should concentrate on 
substances, which are likely to be present, because of their use in the catchment 
area. Eke et al (1996) reported that the 'PESTVIEW' system had correctly 
predicted that the herbicide, bentazone, could contaminate surface water. 
Therefore, 'PESTVIEW' may be important for the design of monitoring schemes, 
the location of areas of increased pesticide pollution risk and in ensuring that new 
analytical methods are developed for the relevant pesticides. 
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To design a new pesticide sampling and analysis strategy for Northumbrian 
Water. The current strategy does not include many of the top pesticides in use 
today. Generally, no account is taken of seasonal use of pesticides. Monitoring is 
carried out at customers' taps. A new strategy must structure the incorporation of 
new pesticides into sampling programmes and research into hew analysis 
techniques. It is important that the regulatory monitoring strategy also aids 
investigation of subsequent failures and that operational monitoring is targeted 
towards high-risk periods, e.g. times when pesticides are applied. 
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Chapter 2 
Study Site 
2.1 The Tees - catchment area characteristics 
Natural and human factors influence the quality of a water source (Table 2.1). Some 
natural factors which profoundly influence the water quality at Broken Scar are climate, 
watershed characteristics and geology. Human point-source factors are generally absent 
due to the rural nature of the catchment. However, spills and releases from agriculture 
may be important. Human diffuse sources are agricultural runoff, livestock and erosion 
(Table 2.1). The aim of this chapter is to discuss the catchment area and identify 
factors which may be important to this study. 
2.1.1 River Tees hydrometric data 
The River Tees, which drains an area of 1930 km 2 to the estuary (NRA, 1994b), rises at 
Tees Head, immediately below the summit of Cross Fell in Cumbria (Figure 1.5), 893 m 
above sea level (Bellamy, 1988; Archer, 1992). "The moors around Cross Fell have the 
highest and most persistent rainfall in the Pennines, with annual totals of more than 
2000 millimetres" (Archer, 1992 pl5). There is little capacity for the rain to soak into 
the ground and therefore "most of the rain reaches the river within minutes" 
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Table 2.1 Natural and human factors, which influence the quality of 
a water source (the bold underlined factors have a significant impact on 
the Broken Scar catchment). The human factors most likely to affect the 
rural Broken Scar catchment (agricultural runoff, livestock and erosion) 
are all generally linked to agriculture (Developed from Reinert and 
Hroncich, 1990). 
Natural factors 
Climate 
Watershed characteristics 
Geology 
Nutrient levels 
Fire 
Saltwater intrusion 
Density (thermal) stratification 
Human factors 
Point-source: 
Wastewater discharges 
Industrial discharges 
Hazardous waste facilities 
Mine drainage 
Spills and releases 
Diffuse-source: 
Agricultural runoff 
Livestock 
Urban runoff 
Land Development 
Landfills 
Erosion 
Atmospheric deposition! 
Recreational activities 
(Archer, 1992 pi5). This makes the River Tees a 'flashy' high flowing river, with dry 
weather, mean, and mean annual flood flows at Broken Scar of 1.5 m 3 s"1, 17.5 m 3 s"1 
and 375.2 m 3 s"1 respectively (Table 2.2a). 
The high western landscape drops sharply, falling 630m in 51 km as the river moves 
east to Barnard Castle (EA, 1996b). The river flows a total distance of 160 km from its 
source to the estuary, with an approximate total length, including tributaries, of 2000 
km (NRA, 1994c). The Tees Estuary, which despite its industrial legacy is an 
important wildlife habitat, is characterised by low-lying mud flats and coastal marshes 
(Bellamy, 1988; EA, 1996b). 
The Broken Scar catchment (Figure 2.1) covers an area of 818 km 2 (Table 2.2b). The 
river flows 85 km from its source to Broken Scar. Broken Scar, at the lowest point of 
its catchment, is at 37 m (Figure 2.1). Rainfall in the lower catchment is considerably 
less than on the upper catchment (Figure 2.2). The mean annual rainfall for the 
catchment area immediately west of Broken Scar, for the period 1941 - 1970, was 600 
to 700 millimetres (Figure 2.1). The effect of higher rainfall on the upper catchment 
can be demonstrated by examining catchment area and runoff (Figures 2.3a and b). In 
1994 the catchment area between Barnard Castle and Broken Scar Weirs (263 m to 37 
m), excluding the River Greta (Figure 2.1), accounted for 27% of the total area but 
merely 15 % of the annual runoff. During the same period the River Greta catchment 
(596 m to 223 m) accounted for 11 % of the area and contributed 11 % to the 
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Figure 2.2 Mean annual rainfall (mm) over Northumbria for the period 1941 to 1970 
(source: Archer, 1992). The annual rainfall in the Upper Tees catchment is 
approximately three times that of the lower catchment. 
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Figure 2.3a and b Comparison of catchment area and runoff relationship for River 
Tees and Broken Scar. The upper catchment, above Barnard Castle weir, and the 
Greta Catchment represent 73% of the total catchment area. During 1994 this area 
accounted for 85% of the annual total runoff. 
a Catchment area 
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runoff and the catchment above Barnard Castle (893 m to 263 m), 62 % of the area, 
supplied 74% of the total runoff. 
The River Tees is a managed river; therefore impoundment and releases of water from 
reservoirs (NRA, 1994c) always influence the flow. The resource potential of the river 
is exploited to the full by balancing flows from the reservoirs and abstraction points. 
There is also the facility to transfer 909,000 m 3 of water per day from Kielder Reservoir 
via a direct tunnel link to the Tees at Eggleston. However, this facility has not been 
used during the period of this study. Bellamy (1988 p i ) reported that the River Tees 
was one of the world's hardest working rivers providing water supply and amenity for 
industrial Teesside, "a mecca for a number of international industries and the birthplace 
of ICI, one of the world's leading chemical companies". The River Tees Official 
Handbook (1954) declared that the availability of plentiful water supplies were of "first 
importance" to the development of any industrial area (Tees Conservancy Commission, 
1954 pl41). The 'Handbook' (1954) proudly reported the imminent start of 
construction on Selset Reservoir, which was completed in 1960 (Table 2.2b). The 
construction of Hury, the first Tees Pennine reservoir, was completed in 1894; the last, 
Cow Green, was finished in 1970 (Archer, 1992). The Upper Tees, i.e. stretches above 
500 m, flows through meadows, moor, rock and heath, where the climate is marginally 
sub-arctic (Bellamy, 1988). The landscape is harsh and the farms are generally small 
tenanted holdings; many are carefully managed under the Environmentally Sensitive 
Area (ESA) scheme. As the River Tees flows towards Barnard Castle and drops below 
300 m, the landscape is less harsh and more intensively farmed. 
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2.1.2 The River Tees tributaries 
The major tributaries in the Broken Scar catchment are the rivers Lune, Balder and 
Greta. However, the upper reaches of the Balder and Lune, with a combined catchment 
area of 123 km 2 (Table 2.2b), are effectively isolated from the River Tees by Hury and 
Grassholme reservoirs, which supply Lartington Water Treatment Works (NRA, 1994b) 
and are therefore of little interest to the study. The River Greta, which has a catchment 
area of 86km2 (Natural Environment Research Council, 1994), flows off Stainmore, at a 
maximum height of 596 m above sea level, and joins the Tees at 'The meeting of the 
waters'(Figure 1.5). 
The combination of the harsh climate and lack of good arable land in the upper 
catchment indicates that it is unlikely to be the source of the pesticide pollution detected 
in Broken Scar treated water. Therefore, the lower catchment despite the smaller 
contribution to the total runoff, and the minor lower tributaries, which are in more 
intensive farming areas, are more likely to be the source of pesticides. These tributaries 
include Deepdale, Langley, Ulnaby, Dyance and Baydale Becks (Figure 2.1). 
Northumbrian Water records (1979) detail several agricultural water pollution 
incidents; for example milk pollution of Baydale Beck and fish deaths due to 
insecticide in Summerhouse Beck (a tributary of Langley Beck). 
Baydale Beck is a special case as it enters the River Tees 300 metres upstream of the 
Broken Scar intakes (Figure 2.4). The Beck joins the river at the same side as the 
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Figure 2.4 Broken Scar Water Treatment Works. Baydale Beck flows into the Tees 
300 metres upstream of the raw water intake to the plant. Since 1993 it has been 
diverted around the rear of the works and into the Tees at the Broken Scar Weir. High 
flows, greater than the 1 in 5 year flood, cannot be diverted and wil l reach the river by 
the original path (Derived from: Ordnance Survey, 1971). 
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works and this, combined with the proximity of the works, does not allow the polluted 
water from the Beck to fully mix with the main body of the river. Therefore, a high 
proportion of Baydale Beck water may be drawn into the works at the intake. 
Furthermore, Baydale Beck was found to be responsible for many pollution incidents, 
when ammonia levels increased. Elevated ammonia levels were detected during routine 
monitoring of the Beck (Table 2.3). Some of the high ammonia incidents caused the 
treated water from the works to taste and smell of disinfectant and were reported in 
both the local and the national press (Northern Echo, 1988; Sunday Sun, 1988). Colley 
(1988) stated that it was wholly unrealistic to expect the water from Baydale Beck to 
ever be consistently free from problems because its catchment "has a higher 
concentration of farming activity than in most other areas in the region" (Colley, 1988). 
Therefore, the Beck was diverted behind Broken Scar Treatment Works in 1993 to 
discharge to the Tees downstream of the intake to the works (Figure 2.4). 
Water samples from Baydale Beck were also found to contain high levels of pesticides 
(Table 2.3) and was generally believed to be the cause of the pesticide 'failures' from 
Broken Scar Treatment Works. Therefore, when the beck was diverted in 1993, a 
positive 'side-effect' should have been the elimination of the pesticide 'problem' at 
Broken Scar. However, this has not been the case, pesticide failures continued to occur 
(Table 1.7). This study, therefore, was initiated to find the source of the failures. 
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2.1.3 Geology 
"The geology of the catchment is fundamental to its character. It influences the 
gradient, substrate, chemical quality and the human activities in the catchment" (NRA, 
1994b p6). The Tees catchment geology (Figure 2.5) consists predominantly of rocks 
of Carboniferous age. Millstone Grit and Upper Limestone Group are to the West of 
the catchment (Taylor et al., 1971). Magnesian Limestone is encountered between 
Piercebridge and Darlington (Figure 2.5). Intruded into the Carboniferous rocks, to the 
west of the catchment, is the Whin Sill (igneous quartz dolerite). A spectacular 
example of the Whin Sill is High Force, "the most powerful waterfall in Britain" 
(Bellamy, 1988 p6), where the "lip of the waterfall is the Whin Sill and the Tynebottom 
Limestone crops out at the foot" (Taylor et al., 1971 frontispiece). 
Minerals also outcrop in the catchment. Mineral veins extend along faults in a 
generally north-east to south-west trend (Dunham, 1949). The principal workable 
minerals are galena (lead sulphide), sphalerite (zinc sulphide), baryte (barium sulphate), 
witherite (barium carbonate) and fluorite (calcium fluoride). Lead, barytes, fluorspar 
and zinc have been mined extensively in the past (Dunham, 1949); however, the only 
mineral currently being mined is barytes, quarried at Close House, Lunedale. The Tees 
catchment has limited coal reserves (Figure 2.5): however, the last active site at 
Osmondcroft Drift Mine near Barnard Castle ceased production in 1992 (NRA, 1994b). 
Basalt is quarried at Force Garth near High Force. 
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Drift deposits, peat in the upland and glacial or alluvial deposits in the valleys, cover 
much of the solid geology. Taylor et al. (1971) state that i f it were not for the 
deposition of the glacial deposits the Tees estuary would extend inland, almost to 
Darlington. The major aquifer (Figure 2.5) within the catchment is the Magnesian 
Limestone (NRA, 1994b). This aquifer is of major regional importance and is 
extensively used for water supply (Natural Environment Research Council, 1994). 
2.1.4 Soil types 
Soil is produced by the action of weather, flora and fauna on rocks over time (EA, 
1996b). It is important to agriculture and the environment, as it is the layer upon which 
plants grow, and it largely determines land use. Moreover, the hydrology of the 
catchment area is affected by the ability of the soil to absorb and retain moisture (Ward 
and Robinson, 1990). The Broken Scar catchment area is dominated by two soil 
classes, 'Moor Peat Soil' and 'Brown Soils' (EA, 1996b). 'Moor Peat Soil', largely 
organic material derived from waterlogged, partially decomposed plant remains, is on 
the high moors, e.g. Cross Fell. 
The 'Brown Soils' are mainly on elevations below 300 m, e.g. in the valley bottom, and 
predominantly in agricultural use (EA, 1996b). These soils are "generally non alluvial 
loamy soils without significant clay enrichment" (EA, 1996b p43). From these 
observations, it is clear that pesticide contamination may originate from the lower 
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valley areas, as these are the areas in agricultural use. The significance of soil types for 
pesticide leaching will be covered in Chapters 3 and 5. 
2.1.5 Land use 
Moorland and rough pasture dominate the upper catchment. This area is part of the 
Environmentally Sensitive Area scheme (ESA), whereby farmers receive payments for 
managing the land in a way which safeguards the environment. MAFF's aim is to 
protect, improve and extend the area's hay meadows and "where possible, re-create 
valued landscape features and wildlife habitats" (MAFF, 1993 p4). The scheme has 
general targets to improve the visual aspects of the environment, e.g. maintenance of 
walls, barns, historic buildings etc., and also places restrictions on new development. 
The protection, improvement and extension of the hay meadow is carried out by 
maintaining grassland without reseeding, placing restrictions on grass-cutting to protect 
wild flowers and wilting cut grass before removal for silage. There are also restrictions 
on fertiliser and farmyard manure usage and prohibiting of use of slurry or poultry 
manure. 
Key to the interest of this study is the prohibition of use of fungicides or insecticides 
and restriction on use of herbicides. One other factor, which is also extremely 
important, is the restriction on drainage improvements. This, alongside the 
maintenance of grassland without reseeding, reduces runoff and erosion which are key 
elements in the transport of pesticides (Chapters 3 and 5). 
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The Upper Teesdale area is dominated by the ESA. Furthermore, it also has the 
conservation designation of a SSSI (Site of Special Scientific Interest) and a National 
Nature Reserve, which also fulf i l the criteria for a Special Protection Area (Figure 2.1). 
Therefore, use of pesticides in this upland area is likely to be small due to the lack of 
arable farming and the conservation schemes. The lower catchment however has more 
intensive agriculture and no protection designation and thus there is a greater use of 
pesticides and risk of pollution in this area. 
An independent land use survey was carried out for Northumbrian Water by a 
consultant (Table 2.4). The survey confirmed the catchment to be predominantly rural 
with only 0.64% of land used for residential and industrial purposes. Significantly, 
53% of land is fell, 34% grassland and only 8% arable. Therefore, pesticide failure may 
be linked to only 8% of the catchment. 
2.1.6 Roads and traffic 
The trans-Pennine A66 and a section of the A l Motorway cross the catchment. The A l 
Motorway section is especially hazardous as it crosses the River Tees on a bridge 1.1 
km (10 to 30 minutes travel time) upstream of the Broken Scar intake (Figure 2.6). 
Moreover, it is not merely the bridge area itself; North Yorkshire County Council 
(1997a) reported that 67,000 m 2 of the north and southbound carriageways drain into 
the River Tees above Broken Scar. Road traffic poses a risk of a wide variety of 
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Table 2.4 Broken Scar catchment and land use survey 1992. Land use 
data confirm die rural nature of the Broken Scar catchment area. Grassland, 
fell and woodland account for 90% of the land area of the Broken Scar 
catchment; arable for 8%; residential and industrial use merely 0.64%. 
Land use Area (km2) Cover (%) 
Arable 69.00 8.00 
Grassland 288:00 34.00 
Fell 445:00 53.00 
Woodland 29i00 3.00 
Residential 4.80 0.60 
Industrial 0.40 0.04 
Water surface (lakes and reservoirs) 7.10 0.80 
Other 1.30 0.20 
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hazards, from oil leakage and toxic chemical spills to pesticide use on motorway 
verges. The section of motorway over the Tees above Broken Scar is a particular 
hazard due to the limited time available for reaction by the plant operators (Figure 2.6). 
There have been no major pollution incidents in the Broken Scar catchment recorded to 
date which have been attributed to traffic accidents. However, North Yorkshire County 
Council (1997b) reported the two-way daily traffic flow over the area to be 44,100 
vehicles of which 21 to 25 % are Heavy Goods Vehicles. Moreover, accident statistics 
reveal that 64 accidents occurred from 1992 to 1997, involving a total of 19 Heavy 
Goods Vehicles (North Yorkshire County Council 1997b). Unfortunately, there are no 
specific data for tanker traffic. Tanker data are important as tankers pose the highest 
vehicular pollution threat to the works. For example, an accident occurred in 1996 on a 
similar bridge on the A19 road in Teesside between two tankers carrying diesel and 
highly toxic nitrobenzene, which caused these chemicals to spill into Stainsby Beck, a 
tributary of the Tees, downstream of Broken Scar (EA, 1996b). This major 
environmental incident would have been a regional emergency and threatened 
Teesside's drinking water supply if the accident had occurred on the A l Motorway 
within the Broken Scar Catchment. Therefore, the roads and motorway pose a 
significant risk to the River Tees and Broken Scar Water Treatment works. 
A chronic risk to Broken Scar Treatment works from roads is the use of pesticides 
(Figure 2.7). "Herbicides have been applied to roads, grass verges, amenity areas and 
hard surfaces to control weeds for decades" (Department of the Environment, 1994c 
p2). Amenity pesticides, which are applied to the A l Motorway within the Broken Scar 
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Figure 2.7 Amenity pesticide use on roadside verges. Pesticide is sprayed on to soft 
and hard surfaces (Source: NRA, 1995a) 
• 
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catchment, may run off into the river via road drains situated on the bridge over the 
river 1.1 km upstream of Broken Scar. At the time this study was initiated, 1995, the 
general belief within Northumbrian Water was that the area of the motorway which was 
drained into the river (67,000 m ) was insignificant when compared to the catchment 
area (818 km 2). Therefore, amenity pesticides were not considered by Northumbrian 
Water (Wright, pers. comm.) to be an important factor in the pesticide failure of Broken 
Scar. 
2.1.7 Population 
Broken Scar catchment area is predominantly rural, with a widely dispersed population 
(NRA, 1994b). The principal centres of population within the catchment, Middleton-
in-Teesdale and Barnard Castle, with populations of approximately 1100 and 5000 
respectively, are small rural towns. Gainford and Staindrop are large villages with 
populations of approximately 1100 and 1200 respectively (Northumbrian Water 
Records, 1999). 
2.2 River Tees - Broken Scar catchment chemical and biological quality 
The EA have set river quality targets for the River Tees, which are based on the uses of 
the watercourse, e.g. they may be used for drinking water abstraction. The targets for 
each classification are given in Table 1.5. The standards set address the chemical 
quality requirements of different types of aquatic ecosystems (EA, 1996b). The rural 
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nature and low population of the Broken Scar catchment, considering that the only 
significant consented effluent discharge in upper Teesdale is from Northumbrian Water 
Limited's Barnard Castle Sewage Treatment Works (Figure 2.8), is reflected in the river 
quality. The figure demonstrates that generally the watercourses in the catchment meet 
their required chemical targets with two exceptions. The first is that Eggleston Burn 
and the subsequent stretch of the Tees before Barnard Castle are affected by acid runoff 
from peat moorland. The second is the upper stretches of the Greta catchment, which 
have recently been the subject of a major farm management improvement campaign 
(NRA, 1995c). 
Biological quality is an important measure of the health of a river (Abel, 1996). 
Chemical monitoring using spot samples can miss acute pollution events; however, 
"living organisms can provide useful indications of the chemical quality of water" 
(Abel, 1996 p70). Biological surveys investigate numbers and types of organisms 
present in samples of river water and sediments. These are then compared with the 
expected populations for that particular habitat. Using these data in conjunction with 
toxicological data can give a very good indication of the river quality. 
The biological quality of most the upper Tees is good or very good (Figure 2.9). 
However, EA (1996b pi07) reported that "some of the upland streams have low-
diversity faunas indicative of acid conditions". The Tees maintains the status 'Very 
Good Biological Quality' until Gainford and then remains 'Good' until Low Worsall, 
which is downstream of Broken Scar (EA, 1996b). 
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23 Broken Scar Water Treatment Works 
Broken Scar Water Treatment Works is situated on the River Tees 5 km from the centre 
of Darlington (Figure 2.1). On average, the plant abstracts up to 275 million litres of 
water per day from the River Tees. Of this volume, 75 million litres of untreated water 
per day are pumped directly to industry, mainly ICI and British Steel, and up to 200 
million litres per day are treated at Broken Scar to produce drinking water. Industrial 
water is used untreated or put through various stages of treatment by the industrial users 
to attain the quality needed for their processes. The treatment works at Broken Scar 
were originally designed in 1968, based on the quality of river water and for compliance 
with the regulations at that time. Under the Water Works Clauses Act (Statutory 
Instruments, 1847 pi3) the water supplied had to be "pure and wholesome". The 
Public Health Act (Statutory Instruments, 1936 p82) stated that local authorities should 
supply "wholesome" water. "Wholesome" was defined in the Water Act (Statutory 
Instruments, 1945) as "not prejudicial to health". Holden (1970) quotes Sir William 
Savage, who defined "wholesome" as "water which could be consumed without risk 
from its bacterial or chemical content" (Holden 1970 p76). Water companies, at that 
time, chose their own quality criteria and produced sampling programmes to prove that 
the water was 'wholesome'. The specific definition of 'wholesomeness', with 
prescribed concentrations or values for chemical and microbiological constituents, was 
not produced until the introduction of the Water Supply Water Quality Regulations 
(Statutory Instruments, 1989a). The procedures at Broken Scar are in a constant state of 
revision in order to ensure that water supplied to the consumer complies with the 
current regulations. 
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In the event of a major pollution incident occurring on the River Tees above Broken 
Scar, the treatment plant river water intake would be shut down and stored river water 
would be used for treatment. There are small river water storage facilities available, at 
Broken Scar (9 million litres, equivalent to 6 to 10 hours of supply) for routine use and 
at Long Newton Reservoir (1000 million litres, equivalent to 4 to 5 days supply) for 
longer-term emergency use (Figure 2.6). 
The Long Newton river water storage facility can also be used as a buffer to reduce the 
risk of pollution of drinking water. If extra knowledge of the Tees water quality during 
flood were available, the river intake could be shut down and stored water used during 
the periods of highest risk. No study of this type has been previously undertaken on the 
Tees to evaluate such a scheme and therefore there is potential to improve treatment 
plant operating procedures. 
2.4 Current operating procedures at Broken Scar 
Broken Scar Water Treatment Works is owned and operated by Northumbrian Water 
Limited. The river water abstracted from the Tees for drinking is processed to remove 
debris, particles, micro-organisms and colour (Table 2.5). Initially, the process involves 
abstraction, screening and storage of the raw water (Figure 2.10). The raw water is then 
transferred on to the works and dosed with chemicals to initiate coagulation. 
Mechanical flocculation then takes place followed by settlement (Figure 2.10). The 
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Table 2.5 A selected analysis of Broken Scar Water Treatment Works water 
quality samples taken before and after treatment. The parameters analysed 
indicate the high quality of the drinking water produced by current treatment 
processes at Broken Scar. The Prescribed Concentration or Value (PCV) figures 
are the regulatory limits set by 'The Water Supply Water Quality Regulations 
1989' 
Parameter (units) River water Final water PCV 
Colour (°Hazen) f 250 <5 20 
Turbidity (FTU) t t 18 0.23 2 
Iron (mg l"1) 1.9 <0.01 0.2 
Manganese ( m g f 1 ) 0.52 0.014 0.05 
Aluminium (mg 1"') 0.26 0.03 0.2 
Coliforms 100 ml"1 6000 _ 0 <1 
E. coli 100 ml"1 4000 0 <1 
Notes: 
(Samples taken on 4/10/1995) 
f Colour (°1 lazen) Absofbance at a wavelength of 400 nm in 40 mm cells, 
t t Turbidity (FTU) Formaziri Turbidity Units. 
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final treatment stages include rapid gravity filtration and disinfection using chlorine 
(Figure 2.10). The processing time, from river to outlet, takes between 6 and 12 hours. 
2.4.1 Abstraction, screening and storage 
The river water flows by gravity into two suction wells (River Intake, Figure 2.10). 
The submerged intake is protected by heavy duty bar screens, which deflect large pieces 
of debris (such as branches), and band screens, which trap twigs, leaves and litter. 
Three pumps transfer river (raw) water for industrial use. Four low lif t pumps transfer 
the river water from the suction wells to the inlet storage tank, which has a capacity of 
65 million litres. This volume is theoretically equivalent to 6 to 10 hr storage: however 
the inlet to the works is 1.5 m below the top of the tank and therefore, in practice, 
merely 2 to 4 hours storage is available. 
The river water routinely flows through the inlet storage tank (Figure 2.8), which acts as 
a 'time buffer' so that action can be taken against severe river water quality changes. 
Theoretically, this would be 6 to 10 hours with perfect 'plug flow' within the tank. 
However, experience has shown that there is streaming within the tank and effects of 
extreme raw water changes are seen at the exit of the tank within approximately 4 hours 
of changes occurring in the river. Larger sediment particles also settle out in the tank 
easing the solids load during treatment. In an emergency an alternative supply of river 
water is available from Blackwell Pumping Station sited approximately 4.5 km 
downstream from Broken Scar (Figure 2.8). In the event of a pollution incident this 
intake can also be shut down and the emergency raw water storage facility at Long 
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Newton (Figure 2.8) could be used. This water would be either pumped back to the 
Inlet Storage Tank or fed directly into the treatment plant. 
2.4.2 The seven main stages of treatment, chemical dosing, coagulation, 
clarification, filtration, disinfection and pH Correction: 
Chemical dosing and coagulation: 
Silt particles greater than 10 um settle in the storage tank. The remaining suspended 
solids (particles less than 10 urn), colloids (particles less than 1 um), bacteria, viruses, 
plankton, algae and other plant and animal matter will not settle out. Colour, mainly 
humic and fulvic acids from peat, is soluble and must be removed by precipitation. 
The water flows into the treatment plant through 2 channels incorporating measuring 
flumes. These are the channels where coagulant, coagulant aid and pH correction 
chemicals are added (Figure 2.10). 
Coagulation, using the coagulant aluminium sulphate, facilitates the removal of 
particulate and soluble matter. The dose of coagulant required is broadly dependent on 
the level of colour in the river water e.g. a high coloured river water will require more 
coagulant than a low coloured water. Acid or alkali may be needed to adjust the 
coagulant dosed water within the pH range optimum for coagulation. The optimum 
range at Broken Scar for aluminium sulphate is pH6.0 - pH6.7. The particulate matter 
in the river water stays in suspension, because the surface of each particle is negatively 
charged: the charge is induced by the polar nature of water molecules. The coagulant, 
aluminium sulphate, has a strong positive charge, which attracts the suspended solids 
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and reacts with the water to a form a large quantity of precipitate, aluminium hydroxide. 
The precipitate adsorbs the suspended and colloidal matter, bacteria, etc. The coagulant 
also precipitates the soluble colour and this precipitate is trapped within the aluminium 
hydroxide. The coagulant, particulates and colour precipitates are now in the form of 
tiny particles known as floe, which can then be separated "using a conventional solid-
liquid separation process" (Hall, 1997 p41). 
Flocculation and clarification: 
Flocculation is the process of agglomeration of the microfloc particles to form larger 
particles of floe (Degremont, 1991). Slow stirring and the addition of a flocculant aid, 
polyelectrolyte, promotes the floe formation and increases floe density. 
Clarification is the process of removal of the floe particles. The clarification at Broken 
Scar is by settlement using accentrifloc and flat bottom clarifiers (Figures 2.1 la and b), 
which are essentially large concrete tanks. The coagulated, flocculated water is fed 
upwards through the clarification tanks at a rate such that the settling floe particles are 
held in suspension forming a dense 'blanket'. Subsequent floe and microfloc particles 
are then entrapped within the blanket increasing the efficiency of the clarification 
process. The blanket is maintained for optimum stability and water quality by close 
control of floe density (sludge is removed from the blanket periodically) and upward 
flow rate (Hall and Hyde, 1992). 
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Figure 2.11a and b Clarification. Schematic diagrams of types of clarification used 
at Broken Scar Water Treatment Works (Source: Hall, 1997). 
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Filtration: 
The clarified water flows on to rapid gravity filters (Figure 2.10). The filters are 
designed to remove residual particles of floe remaining after the clarification process. 
There are twelve filters at Broken Scar. Each filter (Figure 2.12) is a large concrete 
tank with 900 mm depth of 14/16 grade (0.6 to 1.1 mm) silica sand above a network of 
underdrains which collect the filtered water. Filtration takes place throughout the full 
depth of the bed. Material, which accumulates on the filters, is removed by regular 
backwashing with air scour and followed by high rate and then low rate chlorinated 
water rinse. 
Disinfection: 
To kill most remaining microorganisms, the filtered water is superchlorinated by 
applying a high dose of chlorine (approximately 4 mg 1"'). The water then flows 
through contact tanks (Figure 2.10), which ensure that the chlorine is in contact with the 
water for at least 30 minutes. Then the water is dechlorinated using sulphur dioxide, to 
leave a small residual of chlorine (approximately 0.5 mg l" 1). The residual chlorine 
maintains the microbiological quality of the drinking water during subsequent 
movement and storage. 
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Figure 2.12 Filtration. Schematic diagram of a rapid gravity filter (Source: Hall, 
1997). 
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pH correction: 
Aluminium sulphate is acidic and therefore the dosed, clarified and filtered water has a 
low pH, e.g. pH6.5, and is highly corrosive. The final treated water pH is closely 
controlled by the addition of lime to adjust the pH of the water to a level which is 
neither corrosive nor likely to precipitate deposits of minerals in the distribution system. 
The pH required is therefore dependent on the quality of the river water at the time of 
treatment, i.e. the mineral content of the river water. A high mineral content would 
require a low pH; e.g. pH7.5 and conversely a lower mineral content would require a 
high pH; e.g. pH8.0. 
Finally, the High Lift Pumps (Figure 2.10) transfer the treated water via 'trunk mains' 
(large diameter pipes, which transport the water long distances), to 'service reservoirs' 
(where water is stored throughout the area to be used on demand), and finally into a 
distribution network of smaller mains and communication pipes to the consumer. 
The preceding paragraphs summarise the operating procedures at the beginning of this 
study in 1995. However, there are ongoing projects, in the laboratory, on a pilot plant 
and on the treatment works, assessing the effects of dosing Powdered Activated Carbon 
(PAC) to the river water at the point where the aluminium sulphate is dosed (Figure 
2.10). PAC is a widely used adsorbent, which has an affinity for large organic 
molecules. Dosing the river water during treatment may reduce the risk of intermittent 
human-induced organic compounds (e.g. pesticides, diesel oil or phenolic materials) 
and also eliminate the occasional naturally produced tastes and odours (e.g. Geosmine, 
a pungent earthy smelling oil produced by the actinomycetes fungus) in the treated 
water. Further trial work may be carried out to assess ozone treatment and granular 
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activated carbon (GAC) filters i f the PAC does, not provide a reasonable level of 
pollutant removal. Ozone, a powerful oxidant, oxidises inorganic elements to stable 
high oxidation states (Tate and Arnold, 1990). This enhances coagulation and 
facilitates the removal of nuisance elements, e.g. manganese, and improves the removal 
or organic compounds, e.g. colour and pesticides. Croll (1995 pi 33) reported that "the 
combination of ozone and Granular Activated Carbon filters or adsorbers is at present 
one the most cost-effective and popular processes due to its ability to remove a wide 
range of pesticides and also achieve other regulatory requirements". 
2.5 Summary 
All available information has indicated that the water quality as it reaches Broken Scar 
is generally good. The catchment characteristics indicate that the major source of the 
pesticide failures is unlikely to be Upper Teesdale and may occur during runoff from 
the arable areas. Therefore, investigation of pesticide failure will concentrate on the 
River Tees Catchment area between Barnard Castle and Broken Scar. Catchment 
investigation has identified that another source of failure may be amenity pesticide use 
from roads in the catchment but this has not been thought to be important. 
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Chapter 3 
Farm Practices and their Influence on River Water Quality 
Public perception of the effects of farm practices on the environment assumes them to 
be benign in comparison to those from more technological processes, e.g. the chemical 
and nuclear industries. Kinnersley (1994 p i 34) stated "many of the British still hold 
such a bucolic view of farming methods that they possibly find it difficult to see 
agriculture as posing probably greater threats to the water environment by the nature of 
its activities than it has ever done before when it was both less specialised and less 
intensive". Although farming appears to be an old, observable technology (Cutter, 
1993), it has had a profound effect on the environment. 
3.1 Farm practices affect the land in many diverse ways 
Most of the British rural landscape has not developed naturally; it has been largely 
created unintentionally by agricultural methods and practices (Woodcock, 1994). 
Agriculture does not disturb 'the balance of nature'; "it destroys and replaces it" 
(Hartley, 1975). "There is little truly natural countryside left in Britain" (Tait et ai, 
1988 pi9). Without human influences, a large proportion of the country would be 
covered in trees and there would be significantly more marsh and less grassland and 
moorland. Upland and lowland landscapes rapidly changed during the 1800s "as the 
parliamentary enclosures not only hedged the open fields, but, far more significantly, 
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also led to large areas of heath and down and woodland 'waste' being brought into 
cultivation" (Green, 1986 p i 4). Deforestation, draining of wetlands, irrigation of dry 
areas, planting of non-native species of trees and intensive arable farming have, by 
design or accident, changed the physical environment of Britain. 
Floods on the Tees are largely generated by runoff from the farmed moorland of the 
Pennine Uplands (Archer, 1992; EA, 1996b). The water retention of this area has been 
severely affected by farm management practices, which were encouraged by 
government policy (Barrett, 1997). Sheep were originally put on to the moor to graze to 
increase food production during the Second World War. Then MAFF awarded grants 
to farmers to cut grips, drainage ditches, into the peat to provide even more land 
suitable for grazing. "Moorland gripping has been practised extensively in the Tees 
catchment in the 1960s and 1970s" (EA, 1996b p61). Many grips have now eroded 
causing increased flooding and poorer water quality. Sansom (1996, 1997) argues that 
floods and even drought may be linked to overgrazing of upland areas by sheep. Rapid 
runoff of rain and snowmelt results in drying out of peat margins which in turn leads to 
over-deepening of grips and further erosion (EA, 1996b; Barrett, 1997). Erosion 
increases the input of sediment into watercourses, which obstructs stream drainage and 
can severely affect stream life by destroying spawning grounds (Tivy, 1975; Canter, 
1986; Haslam, 1990; EA, 1996a; EA, 1998c). 
Intensification of agriculture has also led to greatly increased risks and occurrence of 
pollution (NRA, 1992; Newson, 1992). The NRA report of 1992 presented clear 
evidence that agriculture frequently has an adverse effect on water quality identifying 
several important sources of pollution. Organic material, nutrients, pesticides, 
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biological material, oil, metals, pharmaceutical products and disinfectants all have been 
shown to be harmful to the environment and detrimental to human health (Table 3.1). 
Therefore the beneficial increase in agricultural productivity associated with the use of 
pesticides, fertilisers, drugs, steroids and other growth accelerators has a "dark side" 
and impacts of the use of these chemicals are sometimes seriously disadvantageous to 
the environment (Hester and Harrison, 1996 preface). 
The aim of this chapter is to discuss the impact of farming pollutants on watercourses, 
and in particular pesticides. However, the environmental effect of individual pollutants 
from agriculture cannot often be assessed separately (Canter, 1986). Sediment, the 
major pollutant of surface water, is also an important transport agent for other 
pollutants, e.g. pesticides, organic material and nutrients. Furthermore organic material 
is itself a transport agent for nutrients and pathogens. Therefore, whilst studying the 
individual, one must not lose sight of the whole. 
3.2 Pesticides - herbicide practices 
Use of pesticides in agriculture is not new; sulphur and arsenic have been used for 
centuries (Kidd and Hartley, 1987; Eke et al, 1996). Bordeaux Mixture, prepared from 
copper sulphate and lime, was first used as a fungicide in 1885 (Martin, 1972). 
However, the discovery in France in 1896 that a solution of copper sulphate would kill 
weeds while not affecting the crop was effectively the start of the modern weed control 
practices (Woodford, 1960). During 1901-19 ferrous sulphate, sulphuric acid and 
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Table 3.1 Sources of pollution from agriculture. Important sources of 
pollution include organic material, nutrients, biological material. This study 
wil l mainly investigate pesticides (in bold) (source: NRA, 1992). 
Pollutant Contaminant Sources 
Organic material Carbohydrates 
Fats 
Proteins 
Ammonia 
Nutrients 
Metals 
Slurry 
Silage Liquor 
Sewage sludge 
Milk 
Related industry effluent 
Fish farm effluent 
Nutrients Nitrate 
Phosphate 
Potassium 
Mineral fertilisers 
Organic wastes 
Land run-off 
Pesticides 450 active ingredients 
available in UK 
Herbicides 
Insecticides 
Fungicides 
Sheep dip 
Biological material Large stock 
Bacteria 
Viruses 
Protozoa 
Fungi 
Genetically modified' 
organisms 
Escapes 
Sewage sludge 
Slurry 
Silage liquor 
Rendering plants 
Research 
Oil Fuel 
Lubricants 
Storage 
Metals Cadmium 
Copper 
Zinc 
Iron 
Aluminium 
Field drainage 
Slurry 
Sewage sludge 
Afforestation 
Pharmaceutical products Antibiotics 
Hormones 
Growth retardant 
Veterinary products 
Disinfectants Chlorine 
Bromine 
Iodine 
Phosphorus 
Cleansing agents 
Physical effects Temperature 
Silt 
Colour 
Acidity/alkalinity 
Afforestation 
Land drainage 
Arable cultivation 
sodium chlorate emerged as herbicides in Europe and USA (Fryer and Evans, 1970). 
Di-nitrophenols and cresols were first patented in France in 1932-33. Due to World 
War n , pesticide studies in France, Britain and USA were carried out independently. 
After the war, the independent studies were published allowing collaboration resulting, 
in MCPA, 2,4-D, DNOC (dinitro-o-cresol) and propham, the forerunners of the present 
day selective herbicides (Fryer and Evans, 1970). 
Herbicide application is a significant diffuse source of pollution to rivers and 
watercourses and has probably been a cause of the pesticide failures in drinking water 
from Broken Scar Treatment Works. Contamination from spillage while making up 
chemicals, preparing spray equipment, disposal of waste pesticides and drums can be 
minimised by careful handling and good housekeeping (IPU UK Task Force, 1995; 
MAFF, 1998). However, overspray and spray drift from hydraulic sprayers, which 
carry out 90% of spraying in the UK, remains a major potential hazard (IPU UK Task 
Force, 1995; EA, 1996a; FWAG, 1991). Harris et al. (1992 p477) reported that "even 
in controlled conditions, up to 0.7% of applied spray was displaced outside the target 
area". The three main factors that affect drift are wind speed, boom height and spray 
quality. Generally, the greater the wind speed, the higher the boom above the crop and 
the smaller and finer the spray droplets the greater the risk of drift (FWAG, 1991). 
One apparently simple method to reduce drift to watercourses is to leave an unsprayed 
'buffer' strip around the edge of the target area. Figure 3.1 demonstrates the decline of 
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Figure 3.1 The decline in drift fall-out with distance and the importance of leaving a 
'buffer' strip (Source: l ooby, 1995). 
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pesticide drift fall-out with distance in ideal conditions, if a strip of 5 m width was left 
untreated, the drift fallout on to water would be reduced by 95% (Tooby, 1995). Tooby 
argues that less width is required in practice as most of the benefit occurs within 1 m. 
Haughton et al. (1998) also reported a significant 85% reduction of spray drift reaching 
untargeted areas with 2 m buffer strips. However, conditions are rarely ideal and Tooby 
reports one study, which found spray drift from cypermethrin caused mortality of 
nymphs at distances of up to 15 m (Pinder et al., 1993). 
The current "buffer zone" or "no spray zone" for pesticides is set at 6 m (Advisory 
Committee on Pesticides, 1998). However, buffer zones are not required for herbicides, 
only insecticides as they are primarily an environmental buffer to protect stream fauna. 
A recent consultation document has proposed a new system, which will allow farmers 
to reduce the width of buffer strips. The system depends upon a 'Local Environmental 
Risk Assessment for Pesticides' (LERAP), which will be carried out by the farmer 
(Advisory Committee on Pesticides, 1998). The system allows reduction of buffer zone 
when using reduced concentration of pesticide in spray (Table 3.2.a) or the width of the 
adjacent water body is more than 3 m (Table 3.2.b), no account is taken of water flow 
or depth. The positive aspect of the proposal is the requirement of the farmers to carry 
out a risk assessment and to record details of the points considered and quantities and 
type of pesticides used. However, this proposal is flawed, as no account is taken of 
water abstraction for production of drinking water. To reduce buffer strips of land 
above these abstraction points is surely not the correct course. Furthermore, the 
opportunity to include 'problem' herbicides, e.g. isoproturon, into the LERAP system 
may be missed, as buffer zones are currently not required for these pesticides and 
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Table 3.2a Proposed (LERAP) B uffer zones in relation to water body size 
(source: Advisory Committee on Pesticides, 1998). 
Width of water body Buffer zone 
Less than 3 in 6 m 
3 m - 6 m 4 m 
Greater than 6 m 3 m 
Dry ditches 2 m 
Table 3.2b Proposed (LERAP) Buffer zones in relation to water body size and 
application rate of pesticide (source: Advisory Committee on Pesticides, 1998). 
. ,. Full rate 3/4 rate 1/2 rate 1/4 rate Application rate 
75.1 - 100% 50.1 -75% 25.1 -50% 0 - 25% 
Width of water body 
Less than 3 m 3 m 3 m 2 m 2 m 
3 m - 6 m 2 m 2 m 2 m 2 m 
Greater than 6 m 2 m 2 m 2 m 2 m 
Dry ditches 2 m 2 m 2 m 2 m 
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therefore the regulation will not involve them. Another flaw to the proposal is the risk 
assessment focus; A l l observations are focused towards the watercourse and the 
strength of pesticide. The risk assessment should incorporate operational aspects, e.g. 
storing and mixing of chemicals, drainage characteristics of the land and possibly most 
importantly of all climatic conditions, e.g. wind and rainfall. 
The fate of pesticides after application is also important. Pesticide may be lost from the 
point of application by physical removal of the unchanged molecule or by chemical 
degradation (Fryer and Evans, 1970). The processes of relocation include leaching, 
volatilisation, adsorption on to soil, and plant uptake (Figure 3.2). Although 
volatilisation and subsequent movement to water in rainwater has been reported (Table 
3.3) this is unlikely to be of major significance (Department of the Environment, 
1996b; Dubus et al., 1998). Therefore the most important of these processes, from the 
water quality aspect is leaching, to either surface water or groundwater. Moreover, 
significant concentrations of pesticides, which are strongly adsorbed on to soil, may 
also be lost during runoff, due to erosion, and may then enter water (EA, 1996a). 
The herbicide concentration in surface and groundwater depends on several factors, 
load of pesticide applied, soil type, type of crop, physical and chemical properties of 
pesticide used, weather, method of application and land management (Department of 
the Environment, 1996b). Therefore, reducing the amount of pesticide applied may be 
a critical component in controlling environment pollution. Studies carried out in 1995 
and 1996, on behalf of the Organisation for Economic Co-operation and Development 
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Figure 3.2 The processes by which herbicides may be lost from the soil after 
application (Source: Fryer and Evans, 1970). Physical, chemical and biological 
processes remove herbicides. The physical processes include leaching, adsorption by 
the soil and volatilisation. Chemical, photochemical and microbiological processes 
cause acceleration of the degradation of the herbicide compounds. 
ft •/V, 
/ / / 
Volatilization / / ' 
Plant Herbicide 
uptake 
Leaching 
Adsorption by soil 
colloids 
Photochemical decomposition 
* Chemical breakdown 
Microbiological decomposition 
Physical removal Degradation 
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Table 3.3 Pesticides in rainwater. Teunissen-Ordelman (1996) 
found pesticides in rainwater in concentrations higher than the 
drinking water standard. 
Pesticide Concentration in rainwater (jig 1 1 ) 
Azinfomethyl 0.3 
Dichlorvos 6.6 
Methoate L6 
Atrazine 0.9 
Mecoprop 1.0 
Metoxuron 40.0 
Propachlor 4.0 
Captan 23.0 
Vinclozolin 0.6 
(OECD), reported the factors most likely to motivate farmers to reduce herbicide use. 
The key factors were the provision of practical evidence of the economic viability of 
alternative non-chemical strategies and adoption of practices to avoid the development 
of herbicide resistance. Farmers were more likely to take advice from agricultural 
advisors and product labels than guidance literature and codes of practice. The reasons 
farmers gave for their reluctance to reduce herbicide use were that they do not like to 
take economic risks, have low confidence in alternative pest control methods and, 
significantly, are proud of having weed-free fields. Price was found to be a secondary 
concern: a pesticide tax would have to be very high to have any effect (OECD, 1997). 
The risk of leached pesticides reaching groundwater is increased if soil is dry and its 
structure is porous (Saull, 1990; NRA, 1996). Soils contain particles of mineral of 
varying sizes. Particles range from < 0.002 mm (clay), 0.002-0.06 mm (silt) and 0.06-
2.0 mm (sand) (Saull, 1990). "A soil's texture and permeability vary according to how 
much sand, silt and clay it contains" (Saull, 1990 p2). Loam is soil with equal 
proportions of clay, silt and sand. Figure 3.3 demonstrates a 'clay soil' stopping water 
moving downwards whereas a 'sandy soil' allows good drainage, which has a high risk 
of leaching to groundwater (Saull, 1990). However, 'clay soils' are often waterlogged, 
which restricts crop growth, and require under-drainage to facilitate more productive 
agriculture (Morris et al., 1984). Under-drainage, comprising a system of pipes buried 
under the land, removes excess storm water and essentially by-passes the system 
described above. This would not cause a problem if the runoff soaked through the 'clay 
soil' before reaching the drainage channels. However, when some 'clay soils' are 
84 
Figure 3.3 Soil structure effects on drainage and leaching (Source: Saull, 1990). 
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drained, they crack and produce fissures and macropores which short-cut the system 
still further and creating by-pass flow (Addiscott,1996). 
Cracking clay soils and by-pass flow are recognised as serious problems (Department of 
the Environment, 1996) and are currently being researched on ADAS's Brimstone Farm 
site by their Soil and Water Research Centre. By-pass flow mechanisms are also being 
researched at the Oxford University Farm at Wytham (Heppel et al., 1999 p260). One 
pesticide which has been identified as a problem when applied to crops on cracking clay 
soils is isoproturon (Heppell etal., 1999). 
Crop type influences pesticide application. Probably the most important example of 
this is 'pre-emergence' application; i.e. application to the soil before the crop starts to 
sprout, increasing the risk of contamination of water. 'Pre-emergence' isoproturon 
application, which has caused many pollution incidents, has now been banned in the 
UK (IPU UK Task Force, 1995; Eke et al., 1996). However, isoproturon continues to 
pollute watercourses throughout England, e.g. EA recently reported increasing levels of 
isoproturon on the river Severn (Environment Times, 1999). Furthermore, South Staffs 
Water reported, in the same article, that they were concerned that customer charges may 
have to be increased to pay for removal of isoproturon from the drinking water. 
The risk of pesticides reaching both surface and groundwater is increased if pesticides 
are mobile and persistent. Mobility of pesticides depends upon their physical and 
chemical properties; this will be discussed in Chapter 5. However, pesticides which are 
technically immobile and strongly adsorbed on to soil may still reach watercourses 
because of soil erosion (Department of the Environment, 1996). Moreover, i f the clay 
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soil is shallow, pesticides may even reach groundwater. Degradation of pesticides 
depends on many factors including the stability of the individual pesticide, exposure to 
sunlight, temperature, and microbial activity in the soil. Pesticides which have reached 
groundwater persist "because of the reduced microbial activity, absence of light and 
reduced temperature in the sub-surface zone" (Eke at at., 1996 p44). 
Therefore, to reduce risk of leaching and to break this cycle, pesticides have been 
developed which are non-leaching and non-persistent: "designer" herbicides (Haq and 
Perkins, 1993). Arguably the best known and "world's best-selling" of these is 
glyphosate, marketed as 'Roundup' by Monsanto (Monsanto, 1999). Glyphosate, 
developed in the 1970s (Monsanto, 1999), is a herbicide considered to be less harmful 
to the environment and therefore recommended as a product for use on weeds "in or 
near water" (NRA, 1995b) and in forestry (Willoughby and Clay, 1996). Glyphosate 
has the added advantage that it can be removed from water using simple aluminium 
coagulation (Chapter 2) and poses less risk to drinking water (Speth, 1993). The 
chemical properties and environmental fate of glyphosate will be discussed later, in 
Chapter 5. 
Many studies have shown that the number of days between pesticide application and 
first rainfall is crucial (Harris et al, 1991; Williams et at., 1996). Furthermore Johnson 
(1995) reported that the intensity of the rainfall is also important. For two pesticides 
monitored, and similar antecedent conditions, higher intensity rainfall removed and 
transported solutes to the surface more efficiently than low intensity rainfall (Johnson, 
1995). Therefore, pesticide failure may be linked to large floods in streams and high 
flows in rivers. 
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3.3 Insecticides 
Although chemicals have been used to control the pests and diseases of crops for 
centuries, the discovery of the synthetic insecticides was made relatively recently. 
Organochlorine insecticides, e.g. BHC, DDT and aldrin, were introduced in the 1940s 
and 1950s (Martin, 1972). The first organophosphate insecticide was Parathion, which 
was introduced in 1944. Other early insecticides include the organophosphates 
Diazinon, first introduced in 1952, Fenchlophos and Azinephos-methyl, both 
introduced in 1954 (Martin, 1972). Organophosphate insecticides, which have been 
used in sheep dips for many years, include Chlorfenvinphos, Coumaphos, Diazinon, 
Fenchlorphos, and Propetamphos; pyrethroid insecticides include Cypermethrin, 
Deltamethrin and Flumethrin (EA, 1997a; Health and Safety Executive, 1997). 
Dipping of sheep twice a year to eradicate scab, a notifiable disease, was compulsory 
until 1989. 
The practice of sheep dipping can have significant environmental effects because the 
sheep are dipped in a large tank (Figure 3.4a and b) of insecticide, which then must be 
disposed of. The risk from these tanks is increased as traditionally they have been built 
close to watercourses for "easy access to a supply of water to dilute dip concentrate" 
(Virtue and Church, 1993 p395). The environmentally safe, "preferred", method to 
dispose of the dip waste is to dilute it with water or slurry and spread thinly on to 
grassland (Virtue and Church, 1993). However, this is time-consuming and therefore 
costly. Consequently, unscrupulous or misguided farmers do not follow the guidelines 
for disposal and there are many pollution incidents involving sheep dip chemicals each 
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Figure 3.4a Sheep dipping tank (Source: Health and Safety Executive, 1997). 
Race 
Curtain 
Splash screen 
Exit gate rope Bath 
Exit 
Clean water supply ramp 
Figure 3.4b Immediately after sheep have been dipped, they are dripping with 
pesticide and more importantly, there is a ful l tank of dip to dispose of. (Source: NRA, 
1995a) 
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year. In a survey carried out in the Tweed catchment in 1991 and 1992, only 33.9% of 
farmers used the "preferred" method to dispose of sheep-dip waste (Virtue and Church, 
1993). 
The NRA reported that 18% of all pesticide pollution incidents in 1992 were attributed 
to sheep dip compounds. Furthermore, there were only two major incidents reported 
during 1992. One of them involved the sheep dip chemical, chlorfenvinfos, causing 
contamination of groundwater used for public water supply (NRA, 1995a). Moreover, 
pollution incident statistics may be severely underestimated. The Environment Agency 
largely relies on public complaint, e.g. of fish mortality, to initiate investigation and 
prosecution and as many sheep dips are in remote locations, the effects of sheep dip 
pollution may be unseen and therefore not reported (Virtue and Church, 1993; National 
Audit Office, 1995). 
Prior to 1990 the principal sheep dips in use were organophosphate compounds (NRA, 
1995a). However, data from SEPA indicate a general trend away from 
organophosphorous compounds and towards pyrethroid compounds, e.g. cypermethrin 
and flumethrin (EA, 1997a). This is possibly due to the potential human health 
implications of organophosphate exposure, but may also be due to the fact that 
organophosphate use is regulated and Certificates of Competence must be acquired by 
farmers before they can even purchase these chemicals (EA, 1997a). Water analysis 
carried out by the Tweed River Purification Board appears to confirm the trend away 
from organophosphate compounds. However, the intermittent use of sheep dip 
products makes them difficult to monitor routinely, and more targeted strategies are 
required. The EA find the increasing use of synthetic pyrethroid formulations worrying, 
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as they are approximately 100 times more toxic to aquatic insects than 
organophosphorus products (EA, 1998a). 
The upper Tees catchment agriculture "is largely restricted to sheep farming by the 
harsh climate and poor soils" (EA, 1997b p5). Therefore, sheep-dip products may 
threaten the water quality of the Tees. No significant problem has been found, but this 
may be due to the structure of the routine monitoring programmes. Furthermore, very 
few pyrethroid data are available, as no pyrethroid analysis has been carried out by 
Northumbrian Water. The new Northumbrian Water pesticide sampling strategy, to be 
implemented during 1999 to 2001, includes analysis of the pyrethroids and weekly 
monitoring, at relevant sites, for all compounds used in sheep dip preparations (Table 
3.4) during the two main periods of use, i.e. May-June and October-November (Foy et 
al, 1995; Health and Safety Executive, 1997). The programme was initiated in May 
1999, so when it has been in place for one to two years a more informed assessment can 
be made of the true effect of sheep dipping on the Tees and subsequent drinking water 
quality. 
3.4 Organic material. 
From 1985 to 1989 the majority, 87%, of agricultural pollution incidents were from 
organic waste. "The major sources of organic material arising from agricultural 
practices are animal slurry, silage liquor and sludge from sewage treatment works that 
has been spread on to agricultural land" (NRA, 1992 p25). Organic effluents from 
farms can cause serious pollution (Haslam, 1990). Milk, abattoir and food processing 
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Table 3.4 Sheep dipping preparations, active ingredients and mode of use 
(Source: Health and Safety Executive, 1997). 
Active ingredient Controls 
Scab Blow-Fly Tick/ked/lice 
Plunge dips: 
Diazinon(OP) V ^ 
Propetamphos (OP) V s •/ 
Flumethrin (non-OP) S X / 
Amitraz (non-OP) X X •/ 
High-Cis Cypermethrin (non-OP) X • S 
Pour - ons (all non-OP): (prevention) (treatment) 
Cyromazine X S X X 
Deltamethrin X X • 
Cypermethrin X X S V 
High-Cis Cypermethrin X ^ ^ ^ 
Injectablcs: 
Ivermectin S X X X 
Doramectin S X X X 
Notes: 
•S - controls 
X - no marketing authorisation for controls 
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plants are also sources of organic material. However, the load of human waste spread 
on to land is about to increase significantly due to the EC Urban Wastewater Treatment 
Directive (1991), incorporated into UK law in 1994 (Statutory Instruments, 1991; 
1994). Dumping of sewage sludge at sea became illegal in January 1999. Furthermore, 
treatment of sewage which is currently piped out to sea untreated will be phased in 
during 1999-2001 resulting in the production of more sewage sludge. Consequently 
Keevil (1998) expects that the 470,000 dry tonnes of sewage sludge disposed on to to 
soil in 1992 will double by 2005. 
A major environmental effect of organic waste in water is the reduction in dissolved 
oxygen, which can kill vulnerable species, increase pollution-tolerant species and 
therefore alter the natural balance of species in a watercourse (NRA, 1992; NRA, 
1995c). The reduction in dissolved oxygen occurs as organic waste enters a 
watercourse and the microorganisms in both water and the waste rapidly increase in 
number due to the food supply. They consume oxygen during this process; the oxygen 
required is known as Biological Oxygen Demand (BOD). This process is carried out 
more quickly as temperature increases: therefore the limiting factors are the volume and 
strength of the pollutant and the volume and temperature of the receiving water (Macan 
and Worthington, 1972). BOD has, for 90 years, remained one of the major indicators 
of organic pollution in the water industry (Tyers and Shaw, 1989). Human sewage is 
generally perceived to be damaging to the environment. However, Table 3.5. illustrates 
that a discharge of animal slurry, typical BOD of 30,000 mg Yl, into river water has a 
greater environmental impact than even untreated human sewage, typical BOD of 350 
mg l " 1 . Milk, which is perceived to be clean and wholesome, has a BOD value of 
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Table 3.5 The Biochemical Oxygen Demand (BOD) of some common organic 
pollutants (developed from: NRA, 1992). 
Typical BOD 
Organic Pollutant r U (mg 1 ) 
Untreated human sewage 350 
Human sewage after primary settlement 150 
Biologically treated human sewage 20 
Yard washings 2,000 
Animal slurry 30,000 
Silage liquor 60;000 
Milk 140,000 
Clean river water <5 
Table 3.6 Nutrients in animal manure (Danish Agriculture Information Office 
1989): Chickens and hens are a rich source of nitrogen and phosphorus. 
Source 
Manure 
( t / ) 
Dry matter 
(%) 
Nitrogen 
(total N) 
Nitrogen 
(soluble N) 
Phosphorus 
(P) 
Potassium 
(K) 
1 dairy cow 
(slurry) 
23.0 8.5 4.7 2.7 0.6 4.4 
10 pigs 
(slurry) 
21.0 6.6 6.3 4.4 1.5 219 
100 layer bens 
(slurry) 
(manure) 
10.0 
2.3 
13:8 
71:0 
5.4 
21.7 
3.5 
5.9 
2.6 
15.8 
2.5 
16.3 
1000 chickens 
(manure) 
1.1 57.4 21,5 6:5 14.3 17 
Notes: 
Nutrients as kg t "1 in slurry or manure (dry matter content also listed) 
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140,000 mg l " 1 , and is probably the worst organic pollutant of all. There are, however, 
also less visible effects from applying sludge to land, animal and human faeces contain 
nutrients and pathogens. 
3.5 Nutrients 
Nutrients, substances essential for plant growth, include nitrogen, phosphorus and 
potassium. The main sources of nutrients are the soil itself, fertilisers, animal manure, 
rain, sewage and silage liquor (NRA, 1992; Addiscott, 1996). Table 3.6 indicates the 
nitrogen, phosphorus and potassium content of animal manure. An increase in nutrients 
in surface water can cause enrichment, also known as eutrophication. Eutrophication, 
which is increasing in the rivers and lakes of many countries, changes the balance of 
aquatic plants and animals (Saull, 1990). Nitrate takes part in eutrophication by acting 
as a fertiliser for aquatic plants. However, phosphate is also required by the plants and 
is believed to be the limiting nutrient in inland surface waters which are generally 
phosphate deficient (Anderson, 1983; Saull, 1990; NRA, 1992; EA, 1998b). 
Nitrogen 
Plants need nitrogen in the form of nitrate and ammonium to produce protein; they 
cannot use nitrogen directly from the atmosphere. Nitrogen compounds, molecular 
nitrogen (N2), nitrate (NO3 ), nitrite (NO2 ), and ammonium ( N H / ) are in constant flux 
in and out of the soil (Saull, 1990). Figure 3.5a demonstrates some of the important 
mechanisms of this flux. Nitrate and ammonium levels are increased by addition of 
fertilisers, farm wastes, and domestic sewage; other important sources are from the 
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Figure 3.5a "The constant flux of nitrogen in and out of the soil" (Source: Saull, 
1990). The diagram demonstrates leaching to groundwater. 
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atmosphere and industry. Nitrogen fixation, which is carried out by micro-organisms, 
converts atmospheric molecular nitrogen into ammonium; ammonium levels are also 
increased by decomposition of organic matter, i.e. plant remains. Additionally, there 
are large reserves of soil organic matter. When the soil is cultivated, introducing air 
and nitrates, microbial activity is stimulated converting the insoluble organic nitrogen 
first to ammonium and then to nitrate (Saull, 1990). Nitrate and ammonium are 
removed from the soil by root uptake (Figure 3.5a). Nitrate is also converted to nitrite 
by denitrifying bacteria under aerobic conditions; nitrite nitrogen is not available for 
plant uptake. Nitrate, nitrite and ammonium are soluble and leach into groundwater 
and subsequently surface water. Nitrate in surface water is predominantly from the soil 
itself and from the breaking down of organic matter. However, nitrate from fertilisers 
is significant as it is the only controllable source and is thought to indirectly contribute 
to the release of nitrate reserves in the soil (Saull, 1990). 
Nitrate transport to water has been found to be mainly through leaching and therefore 
dependent on the type of soil, timing of application and rainfall (Addiscott, 1996). As 
with pesticides the greatest risk of leaching occurs with a sandy soil (Figure 3.5b). 
Another important way in which nitrate can leach to water is through by-pass flow in 
cracking clay soils, in the same manner as described earlier for pesticides (Addiscott, 
1996). The figure demonstrates that significantly less nitrogen leaches through 'sandy 
silt' than through sand. Furthermore, if the fertiliser is applied when the crop uptake is 
low or rain falls in the first three weeks after application the loss of nitrate to water is 
increased. Addiscott (1996) found that i f fertiliser was applied at the correct time, i.e. 
when the crops were growing fast and there was no subsequent rain, then up to 99% of 
the applied nitrate remained bound in organic material in the soil or was taken up by the 
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crop. However, when there was rainfall after the application, 35% of applied nitrate 
was lost to leaching and denitrification (Addiscott, 1996). Saull (1990) demonstrated 
periods of high and low risk during a typical year for two crops, winter cereals and 
potatoes (Figure 3.6). The highest risk for potato crops was from organically derived 
nitrogen from November to February, and for winter cereals was after the harvest in 
September, from organic nitrogen (Figure 3.6). Therefore, timing of application of 
nitrate is important. 
The justification for considering waterborne nutrients in the River Tees 1995-survey is 
that floods may have a significant effect on ammonium nitrite and nitrate 
concentrations in surface water. Moreover, the mechanisms of their route to surface 
water, particularly in the case of nitrate, are similar to pesticides. Therefore, analysis 
for these parameters was carried out on the samples taken for the 1995-pesticide survey 
for this study. These data may also make an important contribution to the interpretation 
of the pesticide data. Additionally, i f increased nitrogen or change of 
nitrite/nitrate/ammonium balance is observed, they may be used as indicator parameters 
of possible pesticide pollution. Automatic on-line monitoring of these parameters can 
be carried out more easily and more economically than monitoring for pesticides 
directly and could therefore provide early warning of pesticide pollution. 
Nitrate may not only be an environmental problem; both nitrate and nitrite have long 
been classified as "specific chemical substances which may affect health" (WHO, 1963 
p28). The limit for nitrate content in drinking water is set at 50 mg l ' 1 by the Water 
Supply (Water Quality) Regulations 1989. This limit is based on WHO guidelines, 
98 
Figure 3.6 Leaching is influenced by crop type, climate conditions and season 
(Source: Saull, 1990). I f nitrogen fertiliser is applied, when plants are growing 
strongly and their uptake is high, given no immediate rainfall, then the risk of nitrate in 
runoff will be low. 
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(WHO, 1984), to prevent methaemoglobinaemia, 'blue-baby syndrome'. High nitrate 
levels are an important factor in this blood disorder, which mainly affects young babies. 
However, the illness is primarily caused by bacteria in the gut of the infant converting 
nitrate to nitrite. The nitrite is taken up by the haemoglobin in the blood resulting in 
respiratory failure (WHO, 1984). Most methaemoglobinaemia cases have proved to be 
from private, untreated water sources or where babies' feeding bottles had not been 
sterilised (WHO, 1984). The 50 mg 1"' limit, which is not easily achieved in many 
countries, is therefore controversial (Saull, 1990). Another serious illness reportedly 
'linked' to nitrate is stomach cancer. WHO reported in 1984 that nitrates may be 
implicated in stomach cancer in males, but more recent studies have found conflicting 
evidence and the absence of any link is now generally accepted (Saull, 1990; Addiscott, 
1996). Notwithstanding, Hauchman announced to the 'Drinking Water Research 2000' 
conference that "nitrate will remain as an important drinking water quality issue" and 
"the potential for adverse reproductive effects should be considered to address 
unresolved issues" (Hauchman, 1998 p66). 
Phosphorus 
Phosphorus occurs in water in dissolved or particulate form, i.e. adsorbed on to soil. It 
is naturally derived from the atmosphere, weathering of phosphate minerals and from 
animal wastes and bones (Briggs and Smithson, 1985). High concentrations of 
available phosphorus in fresh water were believed to be largely from industrial wastes, 
sewage and detergents (Anderson, 1983). However, recent studies have reported that 
arable farming may also be a significant source of phosphate (Foy, 1996; Brooks, 1996; 
Haygarth, 1997). Pig slurry, chicken waste and fish farms are also reported to 
contribute significant quantities of phosphate into surface waters (NRA, 1992; 
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Haygarth, 1997). Morse (1993) reported that 43% of phosphorus inputs to surface 
water were from agriculture of which 29% were from livestock, and 14% were from 
fertilisers. The domestic contribution was 24% from human and household waste and 
19% from detergents (Figure 3.7) (Morse et ai, 1993). 
Phosphorus concentration is an important factor in eutrophication (EA, 1996a, 1998b 
and 1998c). A study by the University of Liverpool, commissioned by the National 
Rivers Authority (EA), reported that "almost a quarter of British lakes are seriously 
affected by eutrophication" and to achieve restoration "would necessitate the 
widespread removal of phosphorus from sewage effluents and a reduction in nutrient 
inputs from agriculture" (ENDS, 1996c p9). Haygarth (1998 pi3) predicts that rates of 
phosphorus accumulation in some soils will worsen and that there may be catastrophic 
effect on surface waters "once soils exceed their ability to retain P". Therefore it is 
imperative to reduce application of phosphorus on to land and Haygarth called for 
reformulating of fertilisers using less phosphorus, testing of soils before application and 
timing application to avoid periods of heavy rainfall. The European Urban Waste 
Water Treatment Directive requires phosphate removal systems to be installed in all 
sewage works serving greater than 10,000 people in "eutrophication sensitive areas" by 
31 s t December 1998 (Statutory Instruments, 1991). The designation, assigned by the 
UK government, has not been applied to the River Tees catchment. The Directive may 
also have the effect of an increase in phosphorus load on to land due to extra sewage 
sludge disposal. 
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A recent international conference on phosphorus recovery reported that recycling of 
phosphorus from sewage and farm waste is also an option which is becoming 
increasingly attractive (CEEP, 1998). New regulation to encourage phosphorus 
removal, the high concentration of phosphorus in human and animal waste and the 
needs of the detergent and food manufacturers may soon provide an economic 
combination (CEFIC, 1998). Phosphorus can be removed as struvite (magnesium 
ammonium phosphate), for agricultural use, or as calcium phosphate, for use in the food 
industry and detergent manufacture. However, these technologies are in their infancy 
and there may be problems with public perception of the use of animal and human 
faeces to produce a raw material for use in food production (CEEP, 1998). 
Some phosphorus may be leached during heavy rainfall and some of the pathways 
coincide with pesticide pathways to water (Haygarth, 1997). However, a high 
proportion of phosphorus is lost to streams because it is bound to soil particles and, 
moreover, mostly insoluble in surface soils. Phosphorus was not included in this study 
as analysis of phosphorus is complicated; there are nine forms of phosphorus found in 
runoff leachate (Haygarth, 1997). Therefore, there is little likelihood of phosphorus 
being a simple indicator parameter for pesticides. 
Potassium 
Potassium is the third essential element. It is applied as a fertilizer for plant nutrition. 
The main natural sources of potassium in the soil are clay minerals (Bockman, 1990). 
Potassium feldspars and micas account for 90 - 98% of the total potassium in the 
ecosystem (Briggs and Smithson, 1985). Potassium data were not included in this 
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study, and indeed there has been little study of potassium sources and transport in 
catchments. 
3.6 Pathogens 
The greatest acute risk to humans from fanning activities is undoubtedly from 
pathogens. Drinking water has long been recognised as a source of disease from faecal 
pathogens (WHO, 1958). Furthermore, the Darlington Corporation Water Works Board 
(1905) reported that there had been two cholera outbreaks in Darlington, in 1891 and 
1895. Stout (1988) reported that 301 people died of cholera in Middlesbrough and 
Stockton in 12 months between 1854 to 1855. Stout (1988) recounted the demand for 
clean water supplies to improve public health. Pathogens are removed from drinking 
water by the treatment processes and are presumed to be absent i f excremental indicator 
organisms are found to be absent. "The organisms most commonly employed as 
indicators of pollution are Escherichia coli and the coliform group as a whole" (WHO, 
1958 pi5). Indicator organisms are needed as pathogens only occur in infected faeces 
in low numbers and are laborious and hazardous to identify and enumerate, whereas 
coliforms are found in all faeces in abundance and are easily and quickly analysed. 
However, another vital property of indicator organisms is that their susceptibility to the 
treatment processes must be similar to that of faecal pathogens. Until 1989 it was 
presumed that all faecal pathogens were killed at a similar rate to coliforms when 
treated with disinfectants, e.g. chlorine. Therefore pathogen removal was calculated 
from routine bacteriological analysis of coliform numbers during the treatment process. 
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Physical treatment, coagulation, clarification and filtration removes typically 99.0 to 
99.9% of coliforms. In 1995 and 1996, Broken Scar WTW removed 99.5% of E.coli by 
the physical treatment; the remainder were removed by disinfection (Table 3.7). 
Therefore, the drinking water produced was judged to be free from pathogens. 
However, "the emergence of parasites as treatment resistant waterborne pathogens has 
opened a whole new chapter in the study of epidemiology of transmission of disease by 
the water route" (Casemore, 1995 plO). Animal slurry may contain Cryptosporidium 
(Anderson and Hall, 1982; Ongerth and Stibbs, 1989). Cryptosporidium is a parasitic 
protozoon, one of the intestinal coccidia (suborder Eimeriina). There are major 
consequences if Cryptosporidia breech the physical treatment processes because the 
oocyst, i.e., egg stage, is unaffected by normal disinfection. Smith et ai, (1989) state 
that 8000 to 16000 mg l ' 1 of chlorine for 24 hours has been found necessary to kill most 
oocysts. Normally only 4 mg l" 1 of chlorine for 30 minutes are added during treatment 
and concentrations greater than 0.5 mg l " 1 may provoke taste and odour complaints 
from customers. Outbreaks of cryptosporidiosis in the community have been directly 
attributed to contamination of drinking water (Badenoch, 1989). There have been 
twenty five 'official' outbreaks of cryptosporidiosis in the United Kingdom since 1989 
(Bouchier, 1998). Cryptosporidium-related outbreaks of enteritis have been reported in 
Ayrshire (1988), Swindon/Oxfordshire (1989), Loch Lomond (1989) North Humberside 
(1989) (Badenoch, 1989), and Torbay (1995) (ENDS, 1999c). The organism causes 
violent diarrhoea in healthy people and has more serious effects on people with immune 
deficiencies. The profuse diarrhoea results in dehydration and wasting and may be a 
terminal event in AIDS patients. Immunocompromised people are therefore advised to 
boil their drinking water (Casemore, 1995; Badenoch, 1995). 
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Table 3.7 Average number of E. coli in samples from the River Tees and Broken 
Scar Water Treatment Works during 1995 and 1996; Monthly samples were taken 
from River Tees, clarified water, filtered water and final disinfected water. 
Average E.coli 
count 
1995 to 1996 
(number 100 ml"1) 
Removal by 
treatment stage (%) 
River Tees 852 
Clarified water combined 
Filtered water before chlorine 
Final treated water 
10 
0 
98.8 
99.5 
100 
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The Water Services Association sponsored a workshop (Dawson and Lloyd, 1994) 
which was organised by the Drinking Water Inspectorate. Dawson suggested that 
heavy rainfall following drought could result in large numbers of oocysts being washed 
into rivers. Dawson states that 1989, in hydrological terms at least, was the most 
extraordinary year of the 1980s. Dawson (1994) quotes Marsh and Lees (1993): 
"Sunshine hours were the highest on record for England and Wales and very warm 
conditions prevailed throughout the year; for central England it was the warmest year in 
a series extending back to 1659. Hydrological conditions were notable also. Over the 
UK as a whole 1989 was the driest year since 1976 but more remarkable were the 
variations - both temporal and spatial - in rainfall and runoff amounts throughout the 
year. Sustained dry periods were a feature of the UK weather in most regions, 
especially during the summer half-year, and many parts of lowland Britain experienced 
their most severe drought since 1976. There were, however, several wet interludes 
particularly in the spring and in December when the contrast in hydrological conditions 
within the month was extreme." 
The fieldwork for the present study on the River Tees took place during 1995, another 
'remarkable year', and the weather conditions for the Tees catchment compare closely 
with those of the early part of 1989. Spring was extremely wet followed by a severe 
drought (Burt et al, 1998). However the drought extended over a much longer period 
than even 1976. There was no significant rainfall in the river Tees catchment from May 
until September. Furthermore, the total summer river flow (June to September) was the 
third lowest in 20 years (Figure 3.8). To provide background data for the study, 
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intensive microbiological sampling and analysis of the first flood after the drought was 
carried out to identify levels of Cryptosporidium in the Tees. 
Samples were taken from the River Tees and Broken Scar final treated water during the 
survey. Additional samples were also taken from waste water during filter cleaning 
(filter backwash water) as Cryptosporidium oocysts are believed to build up and 
concentrate on the filters. No Cryptosporidium oocysts were detected in either the river 
or final water samples. However, this was probably due to the analysis techniques 
employed at that time. Cryptosporidium analysis has routinely been carried out by 
Northumbrian Water since 1992. Table 3.8 demonstrates a perceived increase in 
numbers of Cryptosporidia oocysts detected in the River Tees at Broken Scar from 1992 
to 1998. This is probably not an increase in number of Cryptosporidium oocysts in the 
River Tees, but a significant improvement in the analysis technique. Fricker (1995 p91) 
stated "one of the major problems with evaluating the significance of the waterborne 
route of transmission of these organisms has been the difficulties associated with the 
available methods". 
However, Cryptosporidium oocysts were detected in filter wash water from 28/9/1995 
to 2/10/1995. The first significant increase in River Tees flow after the drought 
occurred on 26/9/1995. There is approximately 8 hours travel time through the plant 
for soluble pollutants. However, water must travel through the clarification blanket 
before reaching the filters (Figure 2.10), which may delay Cryptosporidium oocysts as 
they are particles. Filters are generally washed every 48 hours, so this delay must be 
added to the time of travel calculation. Therefore, bearing in mind the insensitivity of 
the analysis at that time, it is probably safe to assume that the first flood after the 
drought contained relatively high numbers of Cryptosporidium oocysts. One other 
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Table 3.8 Routine Cryptosporidium analysis from the River Tees at Broken Scar, 
1992 to 1998. The apparent increase in the numbers of Cryptosporidium oocysts 
detected, in 1996 and subsequent years, most probably reflects the increase in number 
of samples taken and improvement in analysis techniques. Cryptosporidium analysis 
is still not an exact science. 
Cryptosporidium detected (number l*1) 
Year Number of samples Maximum Minimum Average 
1992 9 0 0 0 
1993 12 0 0 0 
1994 12 0 0 0 
1995 14 0 0 0 
1996 19 0.41 0 0.021 
1997 66 0.21 0 0.006 
1998 97 0.46 0 0.028 
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observation was made: an unusually high concentration of ammonia was detected at the 
start of this flood. The simultaneous occurrence of high ammonia and high numbers of 
Cryptosporidium oocysts is probably to be expected due to their faecal origin. 
New studies have now reported that waterborne cryptosporidiosis may be related to 
sewage sources (ENDS, 1999c). New techniques for analysing Cryptosporidium DNA 
are now available and two common strains have been found to cause disease in humans. 
One strain has been found to be specific to humans, and one has been found in animals 
and humans. The strain, which was responsible for a large outbreak in Torbay in 1995, 
was found to be the human specific strain. The river feeding the water treatment works 
was also found to be contaminated with this strain of Cryptosporidium. Therefore, the 
source of the drinking water contamination may have been sewage, sewage effluent or 
sewage sludge. 
Spreading of untreated animal and human waste on to land may introduce other human 
pathogens to water (Keevil, 1998). There have been many recent articles in the press 
which indicate increasing concern over the "routine dumping" of blood, offal and raw 
sewage on to British farmland (Day, 1998). Day's article, "Fields of filth" published in 
'New Scientist' (7 t h February 1998), although titled in an alarmist manner, was a 
serious highly researched scientific article highlighting a real environmental dilemma. 
However, "Dumped carcasses bring fear of disease epidemic" published in 'Darlington 
& Stockton Times' (12 t h June 1998) is a blatant attempt to introduce fear into the 
situation. Claims that the carcasses were dumped near "a North East Reservoir" and 
that one of the risks posed from these carcasses was the disease anthrax (McNamara, 
1998) are aimed more to inflame than inform. 
I l l 
Bovine Spongiform Encephalopathy (BSE), Escherichia coli 0157:H7 (E. coli 0157), 
toxoplasmosis, Salmonella enteritidis and antibiotic-resistant S. typhimurium DT 104 
are emerging pathogens which may be waterborne (Keevil, 1998). Arguably, the three 
most widely known of these are BSE, Escherichia coli 0157 and toxoplasmosis. A 
possible link between BSE in cattle and Creutzfeldt-Jakob Disease, CJD, in humans is 
widely reported in the press (Rhodes, 1997). Rhodes (1997) stated that the disease is 
spread by ingestion of prions, infectious proteins, which have been proved to cause 
diseases in humans, e.g. Kuru, a disease caused by cannibalism. Prions are difficult to 
destroy, as they can survive many years in the soil, and there have been suggestions that 
BSE may contaminate drinking water (Gale, 1998). However, recent studies have 
reported that there is minimal risk to drinking water quality from BSE (Gale, 1998). A 
public enquiry was held in Canterbury to determine whether sub-surface disposal of 
aqueous effluents from an animal rendering plant would present a BSE risk to the water 
supply. The enquiry found that there was negligible risk, primarily due to dilution, but 
also due to the hydrophobic nature of prions as they would adsorb on to particulates and 
be removed by the treatment processes (Gale and Young, 1997). 
E. coli 0157, which was first identified as a human pathogen in 1982, was later found to 
be a major cause of haemorrhagic colitis and haemolytic-uraemic syndrome, now the 
most common cause of renal failure of children in North America, England and Wales 
(Karmali, 1989; Riley et al, 1993; Chapman,1994; HMSO, 1996). Waterborne 
outbreaks of E. coli 0157 have been reported (Dev, Main and Gould, 1991; Swerdlow 
etal, 1992; Geldreich etal, 1992; HMSO, 1996; Aird etal, 1998). 
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"Toxoplasmosis is endemic throughout most of the world and can infect a large 
proportion of the adult population" (Bowie et al., 1997 pi73 citing Dubey and Beattie, 
1988). The disease is generally symptomless or very mild. However, i f toxoplasmosis 
occurs during pregnancy, "i t can have devastating consequences for the fetus" (Bowie 
etal. 1997 pl73 citing Remington et al., 1995). Bowie et al. (1997) carried out a study 
on a widespread outbreak of toxoplasmosis and linked it to municipal water supplies. 
Information on these pathogens in the environment is scarce, as there is an urgent need 
for reliable analysis techniques in environmental samples. "Understanding the survival 
of potential human and animal pathogens in these wastes (sewage and animal wastes) 
before and after application on to land is critical to delivering safe agricultural products 
to the market place" (Keevil, 1998 pi ) . 
3.7 Metals, pharmaceutical products and disinfectants 
Spillage of fuel oil and lubricants caused 3% of all farm incidents in 1985 - 9 (NRA, 
1992). Oil storage regulation has been introduced to reduce spillage. Environmental 
impacts of oil pollution from agriculture are unknown (NRA, 1992). Data on 
pharmaceutical products, i.e. veterinary medicines, are scarce. The Advisory 
Committee on Pesticides Report of 1996 urged the Ministry of Agriculture's Veterinary 
Medicines Directorate to "explore mechanisms" for sharing information on the fate and 
behaviour of products likely to enter water with the environmental agencies 
(Department of the Environment, 1996b p67). However, Acamovic and Stewart (1996) 
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report in 'Drugs and Dietary Additives, Their Use in Animal Production and Potential 
Environmental Consequences' that the subject matter is complex and wide-reaching. 
Metals will be present in human sewage derived from sewage treatment works even in 
light industrial areas. When this is spread on to land there is a risk of the metals 
leaching. "The decision to halt disposal at sea may result in more pressure to spread 
more on land this would increase slightly the risk of runoff of metals, as well as 
organic matter and pathogens, into watercourses" (NRA, 1992 p65). Pollution from 
acidic iron discharges can occur when iron sulphide-bearing soils are drained. Drainage 
introduces the sulphides to air, oxidising the ferric sulphate in the presence of water to 
sulphuric acid and ferric hydroxide. Ferric sulphide is visually unacceptable and 
aquatic flora have been adversely affected in severe cases (NRA, 1992). 
3.8 Managing (regulating) farming practice 
The effects of agriculture on the environment are complex and interdependent. 
Therefore, the multi-faceted approach, which is adopted currently, is probably the best 
approach. However, the diversity of regulation, government departments and 'Codes of 
Practice' etc. is bewildering. Appendix I lists some of the regulations, 'Codes of Good 
Practice', Government Departments (EC and GB), Action Groups and initiatives, which 
are currently involved in control of agricultural chemical applications and limiting the 
effects on the environment. There are 60 Codes of Good Practice, 30 Statutory 
Regulations and 24 committees or similar groups that cover pesticide use in their terms 
of reference. However, farmers need to know which of the 'Codes of Good Practice' 
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and Statutory Regulations apply to them. A study, which was carried for MAFF and 
published in ENDS (1996a) reported that 38% of farmers polled were not complying 
with good agricultural practice. Furthermore, farmers' awareness of codes of practice 
was poor: only 35-40% were judged to be familiar. 
The OECD (1997) report indicates that the most success will be gained with use of 
agricultural advisors and with improved labelling of agricultural chemicals, i.e. moving 
the advice to the point of use. One initiative, which did take a more proactive form and 
was concentrated on the point of use, was the Tsoproturon (IPU) Stewardship 
Programme'. The programme involved the manufacturers, distributors, advisors and 
users of isoproturon and promoted good practice and gave practical guidance (IPU Task 
Force, 1995). The IPU Stewardship Programme included an excellent leaflet on water 
quality protection, which was keenly promoted by the EA (IPU Task Force, 1995; Eke 
et ai, 1996). This guidance, with personal advice from an agricultural advisor, is 
exactly what the farmers require to give them confidence to reduce pesticide doses 
(OECD, 1997). However, as the manufacturers produced the leaflet and paid for the 
advisors, only information on the use of isoproturon is presented, and no alternative 
weed control measures are included (IPU Task Force, 1995). Therefore, stewardship 
programmes are helpful but must be viewed with some caution as a means of reducing 
pesticide concentrations in surface water. 
Initiatives carried out by EA are also targeted at the 'point of use' with personal visits to 
farmers. One possible improvement which is currently being promoted by EA is the 
establishment of riparian buffer strips. The Environment Agency in their Local 
Environment Agency Plan for the Tees state "working with nature often produces more 
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sustainable and cost effective environmental management solutions" encourage the 
creation of riparian buffer zones (EA, 1997b p22). Establishment of riparian buffer 
strips may reduce diffuse pollution from agriculture (EA, 1996a). Riparian buffer strips 
are areas bordering streams of semi-natural vegetation from 5 - 50 m wide. The 
vegetation, indigenous wooded species and waterside plants, is established naturally 
when livestock, chemicals and organic wastes are excluded (Harris, 1995; EA, 1996a; 
Addiscott, 1996). Buffer strips must be established to delay the surface and near-
surface flow from runoff. They will not be effective where agricultural land has been 
artificially drained or the movement of water is into the ground, as the riparian zone 
will be by-passed. 
The potential pollution from sediment, phosphate, nitrate and pesticides can be 
significantly reduced by buffer strips. Asmussen et al. (1977) found that a 24.4 m 
grassed strip reduced suspended sediments in runoff by 94 - 98%. The efficiency of the 
strips to reduced nutrients varies from 10% to 100%, nitrate reduction being the most 
successful (Wilson et al., 1993; EA, 1996a; Addiscott, 1996). Dry strips act as a sink 
for sediment, and allow time for plant uptake of phosphorus and degradation of 
pesticides (Figure 3.9a), whereas wet strips provide anaerobic conditions for 
denitrification but may allow phosphorus to leach (Figure 3.9b) (EA, 1996a). Buffer 
strips of 5 - 10 m width are effective for nutrient removal whereas some pesticide 
removal requires the strip to retain water for a sufficient period for the pesticide to 
decay, at least 10 m width is therefore recommended (Patty et al, 1995; EA, 1996a). 
Asmussen (1977) found that 24.4 m strip removed up to 71% of 2,4-D and 99% of 
isoproturon from runoff. 
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Figure 3.9a Riparian buffer strips - dry buffer strips "a sink for sediment" (Source: 
EA, 1996a). 
M l 
surface run-off and soil 
movement carrying phosphate 
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Figure 3.9b Riparian buffer strips - wet buffer strips "to remove nitrate" (Source: 
EA, 1996a). 
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Buffer strips have many other benefits: they provide habitat for many aquatic and 
terrestrial wildlife, enhance the visual quality and amenity of the landscape and reduce 
bank erosion (EA, 1996a), and are recommended as part of Integrated Crop 
Management (ICM) promoted by LEAF (Linking Environment and Farming) 
(Drummond, 1995). The LEAF environmental audit provides a practical "whole farm" 
approach to the farmers' key aims of applying reduced loads of appropriate chemicals at 
correct times, good housekeeping, responsible waste disposal, no-spray, no-spread, and 
riparian buffer zones, record keeping, and running a profitable business. 
While these initiatives are laudable, there should be even more 'duty of care' 
obligations in drinking water catchments (Court et al., 1995; Burt and Johnes, 1997). 
Previous attitudes have held that drinking water quality is generally the responsibility of 
the water companies and that treatment must be applied to remove pollution at the point 
of use. However, treatment to remove pesticides and nitrates is "extremely costly and 
cannot always guarantee full compliance" (Court et al., 1995 p381). Therefore 
catchment protection is now becoming a more desirable and economical alternative 
(Court et al, 1995; Burt and Johnes, 1997; EA, 1999). 
The review of farming practices carried out in this chapter illustrates the diverse 
pathways and intermittent nature of agricultural pollution. To assess the water quality 
at a particular abstraction point e.g. Broken Scar, it is critical that catchment 
information is taken into account and monitoring is correctly targeted. The aim of the 
following two chapters is to examine data from the current Northumbrian Water and 
EA routine monitoring programmes, carry out and report on a monitoring programme 
targeted towards flood events and examine a catchment information and risk model, 
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'PESTVIEW. A new Northumbrian Water monitoring strategy will then be developed. 
As this study is primarily concerned with surface water quality and runoff, the 
important factors are the ones which will' increase risk of herbicides reaching surface 
water. They are the load of pesticide applied, i.e. active ingredient (AI) load; weather, 
i.e. rainfall following application; soil moisture content and soil characteristics,; i.e. high 
clay Content; and pesticide characteristics, i.e. mobility and persistence, 
119 
Chapter 4 
River Tees Pesticide and Flow Data 1993 -1998 
This chapter discusses archive data from May 1993 to February 1995 (4.1); pesticide 
surveys, carried out as part of this study, during September, October and November 
1995 (4.2); and data now available, up to 1998 (4.3). The data are presented in this way 
to demonstrate the lack of useful pesticide information before the 1995 River Tees 
surveys, which were carried out as part of this study. 
In general terms, the information available to this study is from two main sources, 
Northumbrian Water and the Environment Agency (EA). Northumbrian Water data 
include pesticide analysis from their regulatory and operational sampling programmes. 
Northumbrian Water's current general strategy is to take regulatory samples from 
customers' taps. In 1995 additional operational samples were taken from treatment 
works ('final water sample points'). This was formalised in 1997 into a monthly 
sampling programme of both raw and final water sample points. Some River Tees 
pesticide data are also available from EA together with detailed flow data for four River 
Tees gauging sites. 
4.1 Pesticide data to May 1995 
When this study began in May 1995 data from Northumbrian Water demonstrated that 
pesticide failures had been identified in 19 out of 368 (5%) samples of drinking water 
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taken from customers' taps within the Broken Scar distribution area during the period 
May 1993 - February 1995 (Table 4.1). Samples are generally analysed for the ful l 
suite of pesticides (Appendix II) and therefore multiple failures can occur in each 
sample. This is demonstrated by the data: two individual pesticide failures occurred in 
seven of the 19 samples. Furthermore, the total pesticide concentration limit of 0.5 pg 
l" 1 was also exceeded in five of the samples, e.g. a sample taken on 13 th October 1994 
from Zone T l 1 had three failures, 1.2 l " 1 of mecoprop, 0.27 pg f 1 MCPA and 1.47 
p g f 1 total pesticide concentration. Therefore, the compliance statistics based on these 
data are calculated from 31 failures (26 individual pesticide and five total pesticides 
failures) out of 18,964 pesticide determinations, i.e. 99.86% compliance over this 
period. The initial hypothesis - that pesticide failures occurred during flood events on 
the River Tees - could be tested by examining some of these data. However, there is a 
high probability that pesticide failures, which occurred before the diversion of Baydale 
Beck on l s l July 1993, may have originated locally in the agriculturally intensive 
Baydale Beck catchment (Chapter 2). Data from samples taken before this date are 
therefore not included in this study. Moreover, many of the remaining data were from 
areas of the distribution system 10 to 70 kilometres away from the treatment works 
(Figure 4.1). There are no reliable 'time of travel' data for the 'distant' distribution 
system and therefore no reasonably accurate estimation can be made of the date and 
time the water entered the treatment process. 'Distant data' are, therefore, of limited 
value to this study because no relationship between pesticide concentration and river 
flow can be established. Therefore only zones two and three (Figure 4.1) are directly 
relevant to this study; data from zones 4 to 45 can only be used in a general manner. 
Samples taken closer to the treatment works are important, as estimation can be made 
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Table 4.1 Pesticide failures from customers' taps in distribution zones supplied by 
Broken Scar Water Treatment Works, April 1993 - February 1995. 
Date Proportion Broken Zone 
Pesticide Concentration 
1 Scar water (%) detected ( u g l 1 ) 
18.05.93 100 T2 Mecoprop 0.15 
06.05.93 100 T3 Trichlopyr 0.15 
19.05.93 100 T3 Mecoprop 0.16 
18.05.93 50 T5 Mecoprop 0.22 
01.07.93 50 T5 2,4-D/Trichlopyr 0.13/0.17 
18.05.93 50 T i l Mecoprop 0.15 
18.05.93 50 T40 Mecoprop 0.21 
22.09.94 50 T14 Chlortoluron 0.13 
13.10.94 50 T i l Mecoprop/MCPA 1.2/0.27 
13.10.94 50 T12 MCPA 0.17 
13.10.94 50 T15 Mecoprop/MCPA 0.36/0.19 
13.10.94 50 T37 Mecoprop/MCPA 0.44/0.15 
13.10.94 50 T38 Mecoprop/MCPA 1.0/0.34 
13.10.94 50 T40 Mecoprop/MCPA 0.69/0.23 
16.2.95 100 T02 MecoDron/MCPA 0.16/0.12 
16.2.95 50 T15 Mecoprop 0.11 
16.2.95 50 T21 Mecoprop 0.11 
16.2.95 50 T25 Mecoprop 0.21 
16.2.95 50 T29 Mecoprop 0.14 
Notes: 
Common name 
2,4-D 
MCPA 
Mecoprop 
Trichlopyr 
Chemical name 
1' 1' l-trichloro-2,2-bis(4-chlorophenyl)ethane 
(2-chloro-2-methylphenoxy)acetic acid 
(+)-2-(4 chloro-2-methylphenoxy)propionic acid 
3,5,6,-trichloro-2-pyridionooxyacetic acid 
Origin of water Location 
Zone T l Lartington WTW Teesdale/some areas of Darlington 
Zones T2 - T3 Broken Scar WTW Darlington only 
Zones T3 - T40 Lartington/ Broken East of Darlington, e.g. Sadberge, 
Scar combined Teesside, Guisborough 
Time of travel 
from Broken 
Scar WTW (h) 
2- 16 
8-96 
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of the time when the raw water containing the pesticide pollution would have entered 
Broken Scar Water Treatment Works (Table 4.2). Consequently, the number of failure 
events available in 1995, for inclusion in this study, was reduced from eighteen to one 
(Table 4.1). This solitary event, which occurred on 16 th of February 1995, was 
examined and a time was estimated of the raw water entering the treatment process 
using time of travel data (Table 4.2). 
Accurate estimation of the most rapid time of travel through the Treatment Works and 
into the distributions system can be made. However, on advice from Northumbrian 
Water engineers, a 12 hour 'uncertainty' period must then be added to samples 
collected from the distribution system. This 'uncertainty' is due to the 'trunk main', the 
principal main feeding Darlington, being a 'ring main' which causes water to travel 
around Darlington unpredictably. River flow data for the years 1994 to 1998 shows 
that the rising limb of a flood is generally less than two hours (1.7 hrs). However, there 
was no means to reduce the 'uncertainty' period. Therefore, the important time periods 
were (i) the estimated latest time the pollution entered the works, calculated from the 
fastest possible travel time and (ii) the estimated earliest time the pollution entered the 
works, which included the 12 hour 'uncertainty' period. 
These times were plotted on a chart indicating river flows at Broken Scar (Figure 4.2). 
The graph demonstrated that the pesticide-contaminated water probably entered the 
treatment works during a flood, but clearly more evidence is required for any 
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Table 4.2 Approximate time-of-travel through Broken Scar Water Treatment 
Works and Darlington distribution system. 
Treatment Works Minimum time of travel (h) 
Samples taken from the river do not require time-of-travel calculation 
Storage tank 4.5 
Flat bottomed clarifier (70% works output) 2.5 
Accentrifloc clarifiers (30% of works output) 6 to 12 
Filters 0.5 
Contact tank 0.5 
Total (using FBC time of travel) 8.0* 
Total (using accentrifloc clarifier time-of-travel) 9.5 
* Samples taken from the treatment plant final water will have left the river 8 
to 9.5 hours previously 
Distribution system Minimum time-of-travel (h) 
North Darlington 4.0 
South Darlington 2.0 
For samples from Darlington distribution system an additional nominal 12 
hours should be added for maximum time-of-travel due to the idiosyncrasies of 
distribution system and customer use. 
Site 
North Darlington 
South Darlington 
Minimum to maximum 
time-of-travel from river 
(h) 
12 to 24 
10 to 22 
N.B. The water, which travels through the accentrifloc clarifiers was not 
included in the time-of-travel calculation as it accounts for merely 30% of the 
works output. Furthermore, accentrifloc clarifiers recirculate, therefore there is 
constant mix and reflux. Moreover, they are extremely large in proportion the 
flow and consequently there is an excessive dilution of incoming flow. 
Therefore, time-of-travel data are of little use for these type of clarifiers. 
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relationship between flood and failure to be identified. Accordingly, Northumbrian 
Water and the Environment Agency agreed to carry out a joint pesticide survey of the 
Tees and major tributaries during 1995. 
4.2 Previous pesticide studies 
Many earlier studies have reported pesticide delivery to watercourses by leaching and 
runoff (Chapter 1). Furthermore, the important Rosemaund pesticide transport study 
(1994) reported that, for the majority (80%) of runoff events, "the peak pesticide 
concentration occurred either just before or simultaneously with the peak of the 
hydrograph" (Williams et al., 1995 p75). Clark et al (1990 p i 3) also reported 
"pesticide concentration peaks coincident with river flood". Moreover, a flood event 
examined in detail during their 1990 study demonstrates a clear relationship between 
rainfall, runoff and pesticide concentration peaks (Figure 4.3). The sequence of events, 
initial rainfall resulting in a significant increase in river flow culminating in the highest 
concentration of 6 out of 10 pesticides occurring just prior to, during or at the peak of 
the rising limb of the hydrograph, is indicative of the expected findings of this study. 
Both these studies did report some peaks of pesticide concentration shortly before or 
many hours after a river event (Clark et al., 1990; Williams et al., 1995). Therefore, the 
proposed sampling programme for this study also included these time periods. 
Previous studies have generally been designed to investigate pesticide runoff from 
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Figure 4.3 Flood; event on the River Granta at Babraham, Cambridgeshire, England 
indicating rainfall, fiver flow and pesticide concentrations (Source: Clark et al., 1990). 
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small catchments. This study is one of the first attempts to examine pesticide pollution 
in a large river system. Therefore, the 1995 surveys were essentially a starting point 
from which further surveys and routine sampling programmes could be planned. 
4.3 River Tees pesticide surveys -1995 
To carry out pesticide surveys during floods it is necessary to define a 'flood'. River 
flow data from January 1994 to May 1995 were examined (Figure 4.4a and 4.4b). 
'Floods' were defined as any flow exceeding 40 m 3 s"1. This appeared a reasonable 
assumption as flow statistics from 1994 place a discharge of 40 m 3 s"1 between the 75 t h 
and 95 t h percentile (Table 4.3) and the February 1995 pesticide failure event occurred at 
a flow in excess of 70 m 3 s"1 (Figure 4.2). 
Floods are dynamic events and therefore intensive monitoring is required to identify the 
relationship between pesticide concentration and discharge. However, pesticide 
analysis is expensive and the budget was limited. Consequently, the number and type 
of samples analysed was a compromise between the study requirements and the 
available budget. Four, seven day surveys were planned. To sample complete flood 
events, composite samples of the raw water were taken. Composite samples have the 
advantage that the complete flood event is sampled but are also flawed, as variations 
may be lost and also pesticide 'spikes' will be averaged by the sampling process. 
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Figure 4.4a and b River Tees flow at Broken Scar weir, (a) January to December, 
1994. (b) January to December, 1995. 
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Table 4.3 River Tees at Broken Scar - summary of flow statistics, 1994 to 
1998 (m3s') 
1994 1995 1996 1997 1998 
Minimum 2.7 2.1 2.5 2.7 3.6 
5th Percentile 4.4 3.6 3.5 4.0 4.9 
25th Percentile 5.9 4.4 4.3 4.8 7.7 
Median 10.6 6.2 6.2 7.3 13:0 
75th Percentile 27.1 18.5 12.3 14.8 25.0 
95th Percentile 76.3 61.8 40.1 57.9 75.0 
Maximum 342.9 710.6 1489 636.7 482.0 
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Therefore, during three of the four surveys, surveys 2, 3 and 4, additional 'spot' 
samples were taken near to the peak of the flood, from the River Tees at various points 
by the EA. 
To facilitate the sampling of a complete flood event required an advanced warning of 
rising flows. Fortunately, river flows from several points on the Tees are routinely 
gauged and relayed to Northumbrian Water's 24 hour 'Control Room' (Figure 4.5). 
Therefore a flow of 35 m 3 s~[ at Barnard Castle measuring station, 27 kilometres 
upstream of Broken Scar, was selected as the advanced warning criterion as the river 
rises at Barnard Castle approximately six hours before Broken Scar. Operatives from 
Northumbrian Water control room were therefore requested to alert the sampling team 
when the weir flow reading at Barnard Castle rose to 35 m 3 s '. 
Unfortunately, a drought occurred during 1995, with only small amounts of rain falling 
between May 1 and September 30. Consequently, fairly moderate rainfall in September 
did not significantly affect river flow (Figure 4.6a and 4.6b). It was evident that the dry 
antecedent conditions were reducing runoff. It was necessary to urgently review the 
criteria for the surveys to ensure that the first flood was not missed; the early warning 
flow level for the flood surveys was reduced to 20 m 3 s"1 and an immediate initial 
survey of the tributaries was carried out. 
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Figures 4.6a and b Rainfall (a) measured at Broken Scar WTW and River Tees flow 
(b) at Broken Scar weir during May to December 1995. A drought occurred during 
1995; with only small amounts of rain falling between May 1 s t and September 30 t h. 
Initiation of surveys 1 to 4 is indicated by the arrows 
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Taking account of these revisions to the sampling programme, four surveys were 
carried out during 1995 (Figure 4.6b): 
1. September 8. Samples taken from tributaries only during the first heavy rains 
immediately after drought. River flow at Broken Scar 6.4 m 3 s'1. 
2. September 26 to October 2. Samples taken from river and tributaries during the 
first flood after drought. River flow at Broken Scar 20 m 3 s"1. 
3. October 3 to October 10. Samples taken from River Tees and Greta only, during 
the second flood after drought. River flow at Broken Scar 58 m 3 s"1. 
4. November 16 to November 22. Samples taken from River Tees and tributaries, 
during the third flood after drought. River flow at Broken Scar 87 m 3 s"1. 
The project budget covered analysis of samples from the river inlet at Broken Scar 
Water Treatment Works and spatial sampling of the river for three river flood events, 
i.e. surveys 2, 3 and 4. The sampling programme consisted of Northumbrian Water 
sampling of the river intake at Broken Scar WTW and National Rivers Authority (EA) 
sampling the river at four points and five major upstream tributaries (Figure 4.5). 
4.3.1 Northumbrian Water sampling programme - Broken Scar 
The river inlet at Broken Scar Water Treatment works was sampled for seven-day 
periods, starting approximately three hours before the flood reached Broken Scar 
(Figure 4.6b). The sampling was facilitated by an EPIC automatic liquid sampler, 
which sampled an aliquot every 20 minutes. The sampler collected 1 litre per hour, i.e. 
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three 333 ml samples into each bottle; the volume required for analysis was 5 litres. 
Therefore, six 1 litre samples were combined to produce each 6-hour composite sample. 
Samples were analysed for Acid Herbicide and Uron pesticides (Appendix IT), because 
these are the pesticides which have been detected previously (Table 4.1). The 
composite samples were also analysed for ammonium (NH4), nitrite (NO2) and nitrate 
(NO3), which also may occur in runoff, and may be useful in diagnosing sources of 
contamination. As pesticide analysis is expensive and slow, a surrogate parameter, 
which can be continually measured by an on-site instrument, would be useful. 
Establishing a connection between pesticide failure and changes in nitrogen levels may 
provide an important pesticide indicator. 
4.3.2 Environment Agency sampling programme - spatial sampling 
The Environment Agency Surveys were also initiated on receipt of the Barnard Castle 
Weir warning from Northumbrian Water staff. The sample collection began at the 
Rivers Greta at Dairy Bridge and Tees at Barnard Castle, i.e. the highest points 
upstream, and then samples were collected down the valley with Broken Scar weir the 
last to be collected (Figure 4.5). The Tees was sampled at Barnard Castle, Winston 
Bridge, Piercebridge and Broken Scar weir; tributaries included Deepdale Beck, River 
Greta, Langley Beck, Dyance Beck, Ulnaby Beck and Baydale Beck (Figure 4.5); the 
sampling took 1 hour for Survey 1 and 2 hours for Surveys 2, 3 and 4. During Survey 4 
the river flow continued to rise and a second set of samples was collected. Samples 
from surveys 1 and 2 were analysed for Acid Herbicide and Uron pesticides; samples 
from surveys 3 and 4 were analysed for the full pesticide suite (Appendix IT). 
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All analyses were carried out by Analytical Environmental Services (AES), a 
Northumbrian Water company; all methods employed are included in Appendix n. 
Pesticide analytical methods continually push the limits of detection to achieve the 
accuracy demanded for drinking water analysis. There is some doubt that the detection 
limits quoted by water companies are realistic (Department of the Environment, 1996b). 
Therefore, AES were consulted about the validity of the analysis for this study. They 
advised that the current methods of analysis have low limits of detection, typically 0.01 
iig 1 1 - 0.03 ug l " 1 . However, AES also advised that samples with apparently detectable 
pesticide concentrations between 0.01 (ig l" 1 and 0.05 (Xg 1"' should be classified as 
inconclusive as the levels detected may be pesticide but equally may be caused by 
'noise' from sample contamination. Accordingly, for the purposes of these surveys, 
although the analysis is recorded as reported by AES, the lowest effective pesticide 
detection limit was accepted as 0.05 |ig 1"'. 
4.3.3 Results and discussion 
Tributary surveys (Surveys 1,2,3 and 4) 
Survey 1 was carried out during the first heavy rain after the drought (8/9/1995). The 
five lower tributaries, River Greta, Langley Beck, Dyance Beck, Ulnaby Beck and 
Baydale Beck, were sampled (Figure 4.5). The flows in the four becks were observed 
to be low: therefore, no river sampling was carried out as it was judged that dilution by 
the main body of the Tees would render even high levels of pesticide insignificant. The 
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highest concentrations of pesticide, MCPA (0.68 pg l" 1 ) and mecoprop (0.19 pg T 1 ) , 
were found to be present in Dyance Beck and mecoprop (0.56 pg 1 ) was found in 
Langley Beck (Table 4.4a). 
The tributaries were then sampled during the first flood after the drought for Survey 2 
(26/9/95). The tributary flow was observed to be moderate, i.e. probably greater than 
the 0.94 m 3 s"1 mean flow (Table 4.5), and therefore the river was also sampled. 
Dichlorprop (0.14 pg 1 ') was detected in a sample taken from Dyance Beck (Table 
4.4b). The River Greta was the only tributary sampled for Survey 3 due to dwindling 
funds. However, all were sampled and analysed for the ful l pesticide suite during 
Survey 4 when they were observed to be in high flow. The highest pesticide 
concentrations, 1.3 pg 1 o f Isoproturon and 0.2 pg I of propyzamide, were detected 
in samples from Dyance Beck. 0.2 pg 1 _ l of isoproturon was also detected in Ulnaby 
Beck (Table 4.4c). 
These pesticide concentration levels are very low when compared with other surveys 
reported in previous literature (Clark et al., 1990; William et al., 1991; Brooke et al., 
1994). For Surveys 1 and 2, where the beck discharge was essentially field drainage 
with minimal dilution, pesticide concentrations in the region of 20 pg 1 _ 1 - 200 pg l " 1 
were expected. Furthermore, for pesticide concentrations to exceed 0.1 pg 1 _ 1 at Broken 
Scar during river flows of 40 m 3 s"1, the required pesticide concentration of the 
combined becks is estimated to be 236 pg l _ l in low flow and 44 pg T 1 in high flow 
(Table 4.5). Moreover, i f the pollution source was from an individual beck, then the 
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concentrations required in Langley, Dyance or Ulnaby Beck would be approximately 
300pg]~\ 2000 pg l " 1 or 3000 p g l - 1 respectively for low flow conditions and 50 
pg l " 1 , 400 pg 1"' or 1000 pg I " 1 when in high flow (Table 4.5). 
River surveys (Surveys 2,3 and 4) 
Pesticides were not detected in significant concentrations in any survey samples taken 
from the River Tees (Tables 4.6a, 4.6b, 4.7a, 4.7b and 4.7c). These data are consistent 
with the 'low' levels of pesticides detected in the tributary samples. However, during 
Surveys 2 and 3, 0.06 pg V1 of dichlorprop (Survey 2) and 0.05 pg T 1 of linuron 
(Survey 3) were detected in routine regulatory Northumbrian Water samples taken from 
Broken Scar final water and a customer's tap in Darlington. Using time of travel 
information (Table 4.2), the earliest and latest times for the pollution to enter the works 
were plotted on to the hydrographs. One other routine and one EA survey sample, 
which were taken during Survey 2 from the River Tees close to the time of this sample, 
and found to be pesticide free, were then plotted on to the same hydrograph (Figure 
4.7a). One EA survey sample taken during Survey 3 was also plotted on to the 
hydrograph (Figure 4.7b). Composite samples were also taken during both these 
events. The samples taken from 23:00 hrs GMT on 25/9/95 through to 
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Figures 4.7a and b Samples from River Tees and Broken Scar Final water plotted 
on to hydrograph of River Tees at Broken Scar weir, (a) Samples From River Tees and 
Final Water at Broken Scar WTW. Estimated time of entry to works plotted against 
River Tees flow at Broken Scar weir, (b) Pesticide-present event - sample from 
customer's tap, South Darlington. Estimated time of pollution entry to works plotted 
against River Tees flow at Broken Scar weir. 
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05:00hrs on the 26/9/95 and 09:00 hrs GMT on 04/10/95 to 03:00 hrs GMT on 5/10/95 
were found to be pesticide free. 
Figure 4.7a demonstrates that pesticide contamination may be transient, i.e. on or at the 
peak of the rising limb of the flood, which tentatively confirms the predictions of Clark 
et al. (1990) and Williams et al. (1995). Figure 4.7b also demonstrates a transient 
pesticide 'spike'; however, it was taken from a house tap in Darlington, so therefore 
there is the 12-hour 'uncertainty' period to bear in mind. Therefore, the event cannot be 
identified with a specific part of the flood as it could have occurred on the falling limb 
of the previous large flood or on the rising or falling limb of the small flood (Figure 
4.7b). I f the pesticide pollution occurred in a 'spike' of high concentration, this could 
also explain the absence of detectable pesticides in the composite samples. As each 
composite comprises 18 discrete samples, i.e. one every 20 minutes for 6 hours, then if 
the spike lasts less than 20 minutes the concentration will be diluted by a factor of 18. 
For the pesticide concentration of a composite sample to reach 0.05 pg 1"', under these 
sampling conditions, the required pesticide concentration in the river would be 
0.9 pg 1 _ 1 . I f the reported linuron concentration of 0.04 pg 1"' (Table 4.6a) was genuine 
(unfortunately it cannot be validated) and occurred in a spike over less than one hour 
then the concentration in the river would have been 0.24 pg l " 1 . However, this 
sampling problem cannot easily be overcome as the alternative, 'spot' samples, can 
miss the event altogether as is demonstrated by the EA samples (Figure 4.7a and b). 
Therefore, the 1995 Tees pesticide survey demonstrated a general absence of pesticide 
contamination in the river and tributaries, a result that contradicts the annual regulatory 
failure statistics. One other major factor, which may account for the absence of 
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pesticides during the survey, may be that the survey was carried out immediately after a 
drought (Natural Environment Research Council, 1996). Although the first rainfall 
after the drought was observed to be heavy, the tributary and river flows remained 
relatively unaffected (Figure 4.6a and b). Moreover, many small streams within the 
catchment, which had become dry during the drought, were observed to remain dry 
despite several days' heavy rainfall. Williams et al. (1995) reported that it is the first 
rainfall after pesticide application which is important. Therefore, i f the parched ground 
absorbed the first rainfall, then pesticides leached from crops and soil surface would 
consequently have been drawn deep into the soil. The pesticides may then have been 
adsorbed on to soil particles and thus delayed from entering a watercourse or be 
transported to groundwater. Therefore, the survey may suggest that events occurring 
after the first rainfall following a drought do not leach high levels of pesticide. 
A probable secondary effect of the drought is that pesticides sprayed on to crops during 
the dry summer had time to degrade before rainfall occurred. The time period between 
pesticide application and the first runoff event is important as modern pesticides have 
short half-lives (Wauchope, 1978). A study carried out at Swavesey in 1989 and 1990 
reported lower levels of simazine in 1989 compared to 1990 (Harris et al., 1991). As 
1989 was also a drought year (Natural Environment Research Council, 1990), this may 
have some significance to the present surveys. However, during this 1995 study, the 
pesticide applied between September and November would not have had many days to 
degrade as rainfall and runoff were frequent (Figure 4.6a and b). 
Another explanation, which contradicts the hypothesis of this study, is that pesticide 
failures are not linked to floods. However, during Surveys 1, 2 and 4 pesticides, in 
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concentrations higher than the drinking water limits, were detected in Langley Beck and 
Dyance Beck (Tables 4.5a, b and d). Although the flow in all the tributaries was 
observed to be low and the dilution by the Tees would be high, detection of these 
pesticides is probably significant. If one of these tributaries was in high flow, with high 
levels of pesticide, and the base flow of the main river was low, then there could be a 
significant quality impact on the river. 
Composite samples from the river intake at Broken Scar were analysed for ammonium 
nitrite and nitrate. However, with no pesticides detected during the surveys the initial 
aim to correlate these with other water quality parameters could not be undertaken. 
Nevertheless, the data were briefly examined. Nitrite concentrations did not vary 
significantly during the trial and therefore were deemed to be of little importance to the 
present problem (Table 4.8a, b and c). Ammonium concentrations also showed little 
variation, apart from one significantly high level, 0.85 mg l " 1 , which was detected in a 
sample taken on 26/9/95 (Table 4.8a). This is an extremely high concentration of 
ammonium, especially when the composite nature of the sample is taken into 
consideration. The ammonium increase coincides with the pesticide-present event 
discussed earlier. However, ammonium concentration is monitored continually at 
Broken Scar Water Treatment Works using an online monitor; records of unusual river 
ammonium concentrations, i.e. concentrations greater than 0.2 mg f 1 , are logged in the 
treatment plant daily record, which is held for five years. These records can be used to 
determine i f ammonium is present when pesticide failures occur. The record was 
examined for 15/2/95, but no record of ammonium concentration over 0.2 mg 1"' was 
found. More pesticide events must be investigated before a relationship between 
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Tables 4.8a-c Surveys 2,3 and 4. Nitrate, nitrite and ammonium concentrations in samples fron 
River Tees at Broken Scar. Collected by EPIC automatic sampler, 6-hour composite samples. 
Values which are higher than normal are underlined. 
Date Time Nitrate (mg I as N) Nitrite (IUR r as N) A/Ttmonhim (mj/, 1 
Table4Jb Survey Z warns 0000 052 0006 iS 
25/09/93 OS DO 0-54 0004 0O4 
2MB/95 11m 0.43 0011 002 
27109/93 O H O 0.59 0010 002 
77/09/91 06O0 0.55 0009 OjQ2 
27109/99 1200 056 0008 •0O2 
27(09/93 1800 0.62 0007 0 0 2 
28*9/95 own 051 0007 002 
28/09/95 060) 049 0007 OJ02 
28/09/95 1200 057 0003 002 
2&09/93 1200 044 0O06 4U)2 
28XK/95 1800 041 0007 0O2 
29X/9/91 oooo 038 0007 002 
29/09/95 06 ao 043 0O07 0O2 
29J09/95 1200 m 0006 0 0 2 
29/09/95 1800 045 0006 •002 
3009/93 0600 049 0O36 4UB 
3009/93 1139 049 0006 0 0 2 
01/10193 0600 037 0006 <osn 
01/10/93 1159 057 0005 <am 
01/10/93 1200 053 0005 <om 
01/10/93 18110 052 0004 •001 
02/10/95 OOOO 057 0008 <002 
02/10/95 0600 055 0O07 <002 
02/10/93 1200 048 0008 4)0.2 
02/1093 1800 057 0008 4)02 
Table 4.8b Survey 3 03/10/95 I2O0 053 O005 •002 
03/10/93 1800 053 0005 <0O2 
03/10/93 2100 003 0005 Oils 
04/10/95 090) 001 0007 009 
04/10/95 I0O0 0.11 OOII 002 
04/1093 1600 033 0010 0:02 
04/10/95 22O0 041 0007 om 
05/1095 04 00 044 0008 0 0 2 
05/10/95 IOO0 0.21 0008 002 
03/10/93 1600 0^5 oa* 0 0 2 
06/10/95 1000 OiJI 0003 <002 
06/10/95 16O0 042 0004 4U72 
06/10/93 2200 008 0006 <002 
07/10/95 0400 0.19 0007 <0O2 
07/10/95 1000 037 0009 •002 
07/10/93 I6O0 038 0003 0 0 2 
07/10/93 2200 0.11 OO06 0 0 2 
08/1*95 0400 046 0O06 <002 
08/10/95 I0O0 049 0006 0 0 2 
08/10/93 1600 050 0006 0 0 2 
08/10/95 2200 050 0004 <002 
09/IO93 0400 051 0O04 <0O2 
09/1095 1000 051 0005 •O02 
09/10/95 1600 052 0005 <102 
09/10/95 22O0 0.14 0004 4102 
10/10/95 0400 0.21 0004 <002 
10/10/95 I0O0 053 0004 <OD2 
I01095 1600 057 0005 <aca 
Table 4.8c Survey 4 16/11/95 05:10 0.95 0022 004 
16/11/95 05:15 Oil 0007 002 
16/11/95 06O0 140 0O29 on 
16/11/95 1200 I/O 0OI6 004 
16/11/93 1800 I J O 0014 003 
17/11/95 0000 UO 0.140 004 
17/11/93 1230 1.70 0008 002 
17/11/93 1830 1.60 0008 <002 
18/11/93 0030 1.60 0O07 0 0 2 
18/11/95 0830 1.70 0008 O02 
18/11/95 1330 150 0O06 0 0 2 
18/11/95 1930 150 0006 •002 
19/11/93 0130 150 0O06 4)02 
19/11/93 0730 150 0O06 O02 
19/11/95 1330 150 0005 O02 
19/11/95 1930 140 0003 0 0 2 
20/II/95 0130 130 0O04 0 0 2 
20/11/95 IOO0 140 0006 O02 
20/11/95 I6O0 0.92 0003 4)02 
201I/95 2200 1.10 0005 4 0 2 
21/11/95 0400 IO0 0O06 0 0 2 
21/11193 1200 100 0008 O02 
21/11/95 1800 1.20 0007 002 
22/11/95 0000 100 0006 4102 
22/11/95 0600 0.93 0O09 0O2 
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ammonium and pesticide can be proved or ruled out. If there is a link between 
pesticides and ammonium it will probably be rather general, in that ammonium may 
occur in runoff from agricultural land. However, this is probably more specific to 
animal pastures and areas that have been spread with animal or human sludge. 
When nitrate concentration was plotted against river flow more complex effects were 
observed. The peak flow of each of the early floods (Figure 4.8a) was associated with a 
reduction in nitrate concentration, whereas the peak of the later floods coincided with 
an increase in nitrate concentration (Figure 4.8b). The effect observed in the initial 
floods may be explained by the preceding drought conditions, the initial rain being 
absorbed by the dry soil. As the soil was dry there would be no reservoirs of soil water 
containing dissolved nitrates to displace, and therefore the observed effect was that of 
the 'new' water, probably from surface runoff, diluting the background nitrate 
concentration of the river. 
During later floods the ground would be saturated and the soil reservoir full of water 
containing dissolved nitrate. Consequently, rain falling on this soil would displace the 
nitrate-rich soil water giving nitrate peaks close to river discharge peaks. This effect 
may explain why in early pesticide surveys peaks of pesticide concentration were 
delayed until after the peak of the hydrograph (Clark et al., 1990; Brooke et al., 1994). 
If this pesticide was not on the crops or soil surface but dissolved in the soil water, then 
this water would have to be displaced by the rain water and would take longer than 
runoff from the surface. However, nitrate concentration during floods, although 
interesting, will probably not provide a simple surrogate parameter for assessing risk 
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Figure 4.8a and b Nitrate concentrations plotted in relation to a hydrograph indicat-
ing relationship between river flow and nitrate concentration, (a) Surveys 2 and 3, from 
25/9/95 to 9/10/95. (b) Survey 4, from 15/11/95 to 21/11/95. 
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from pesticide runoff and leachate. More work, possibly including on-line monitoring 
of nitrate, is required to demonstrate the relationship between nitrate runoff and 
pesticide concentration. 
4.4 Data from Northumbrian Water and Environment Agency routine 
monitoring programmes (1994 - 1998) 
4.4.1 Pesticide data 
Northumbrian Water pesticide data, for Broken Scar WTW and customers' taps in the 
Darlington area, from 1 s t January 1995 to July 1998 were studied. Data were available 
from two Darlington sampling zones, Darlington North and Darlington South. Each 
zone is sampled randomly four times per year; raw water is also monitored at the same 
frequency. I f a zone fails the PCV for any parameter, then the sampling frequency is 
increased for that parameter. Therefore, as pesticide samples failed in the Darlington 
zones in 1995 and 1998 (Table 4.9), this is reflected in the number of samples taken 
during this period. 
For the purpose of the study the random regulatory and operational data could be 
classified into two categories, pesticide-present and pesticide-absent. Accordingly, 
samples which had been analysed for the whole analysis suite and all pesticide 
concentrations reported below detection limits, e.g. < 0.01 ug l " 1 , were classified as 
pesticide-absent. Samples, which had been analysed for limited pesticides, e.g. urons 
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only, could not be classified as pesticide absent as other pesticides may have been 
present but not identified. As reported previously, AES advised that samples with 
apparently detectable pesticide concentrations between 0.01 ng 1"' and 0.05 |ig l " 1 may 
be pesticide-present but equally may be pesticide-absent, the spurious results caused by 
'noise' from sample contamination. Moreover, samples taken from customers taps are 
more likely to be contaminated than samples from treatment works as water may have 
been in contact with organic plumbing materials, e.g. polyethylene pipes and jointing 
compounds. The analytical instruments used for pesticide analysis are Gas 
Chromatography - Mass Spectrometer (GC-MS) and High Performance Liquid 
Chromatography with UV Detector (HPLC/UV) (Details of methods in Appendix H). 
These instruments are extremely sensitive to traces of contaminants. A typical 
analytical trace from a sample taken from a customer's tap is 'noisy' and extremely 
difficult to interpret, where a typical trace from a treatment works final, although there 
is 'noise' present, the trace is significantly 'cleaner' than the customer's tap sample. 
Therefore, samples with apparently detectable concentrations < 0.05 fig l " 1 cannot be 
classified as pesticide-present or pesticide absent. Samples with pesticide concentration 
> 0.05 jig l " 1 were classified as pesticide-present. Accordingly, 17 samples with 
pesticide concentrations of 0.05 |ig 1"' or greater were considered to be pesticide-
present, 34 samples with no detectable pesticide concentrations were judged to be 
pesticide-absent (Table 4.10). The remaining 141 samples, with apparently detectable 
concentrations < 0.05 ug T 1, could not be classified as pesticide-present or pesticide-
absent. However, they constituted a large proportion of the total samples and were 
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Table 4.10 Data from the Northumbrian Water routine sampling program -
events when pesticides were undetectable, 1995 to 1998. 
Date water _ , Runoff events 
^ c „. c , Time water entered River . , Event Date of Time of entered detected 
. .. ,. treatment process event , ,. , . .. . 
Number sampling sampling treatment (climbing limb 
(GMT) category 
process of>4%) 
River Tees at Broken Scar 
42 15/06/95 10:20 15/06/95 09:20 A 0 
51 26/09/95 09:30 26/09/95 08:30 E 1 
22 22/05/96 11:15 22/05/96 10:15 A 0 
25 14/08/96 10:05 14/08/96 09:05 A 0 
28 20/11/96 11:35 20/11/96 11:35 D 2 
33 01/07/97 13:30 01/07/97 12:30 B 0 
36 08/10/97 11:10 08/10/97 10:10 A 0 
39 02/01/98 14:00 02/01/98 14:00 G 0 
43 02/07/98 12:45 02/07/98 11:45 A 0 
44 19/10/98 16:10 19/10/98 15:10 E 1 
nal treated water at Broken Scar Water Treatment Works 
30 14/04/97 10:40 14/04/97 23:40 A 0 
34 14/07/97 11:10 14/07/97 00:10 A 0 
37 13/10/97 10:35 13/10/97 23:35 A 0 
40 12/01/98 10:30 12/01/98 00:30 E 0 
41 13/04/98 10:50 13/04/98 23:50 E 1 
45 13/07/98 10:30 12/07/98 23:30 A 0 
46 12/10/98 11:00 11/10/98 00:00 D 2 
jstomers' taps in North Darlington 
20 14/07/94 11:15 14/07/94 22:15 A 0 
24 05/08/96 10:40 04/08/96 21:40 A 0 
26 07/10/96 09:15 06/10/96 20:15 A 1 
29 06/02/97 13:05 06/02/97 01:05 F 0 
31 08/05/97 13:20 08/05/97 00:20 B 0 
35 31/07/97 11:20 31/07/97 22:20 A 0 
38 30/10/97 10:50 29/10/97 22:50 A 0 
47 05/11/98 11:25 04/11/98 23:25 F 0 
jstomers' taps in South Darlington 
19 07/07/94 08:40 06/07/94 21:40 A 0 
21 07/09/95 13:00 07/09/95 03:00 A 0 
23 17/07/96 13:05 17/07/96 02:05 A 0 
27 12/11/96 12:00 12/11/96 02:00 D 1 
12 06/03/97 12:45 06/03/97 02:45 B 0 
32 05/06/97 12:05 05/06/97 01:05 B 0 
15 26/02/98 11:40 26/02/98 01:40 A 0 
48 27/08/98 11:50 27/08/98 00:50 A 0 
49 03/12/98 11:35 03/12/98 01:35 B 0 
Note: 
Total number in each flow event category: 
Total runoff events: 9 
(A) 19, (B)5, (C)0, CD) 3, (E) 4, (F) 2, (G) 
155 
included in the study without pesticide classification when all samples were tested 
together for randomness of sampling and statistical procedures. 
In addition to these data the Environment Agency 'notify' Northumbrian Water when 
levels of pesticide in water which supply their treatment works exceed 0.05 |ig l " 1 . 
These important data were also included in the study. Time of travel data (Table 4.2) 
were used to determine the earliest possible and latest probable time of entry of each 
sample to the works to relate the samples to river events, and a diary of pesticide 
present and absent river events was produced (Tables 4.9 and 4.10). Unclassified 
samples were also processed in this manner to complete the data (Appendix H). An 
assumption of testing the significance of the samples is that they are random. 
Therefore, samples from the 1995-Survey, which was an intensive survey carried out 
over a relatively short time period and specifically targeted towards flood river 
conditions, could not be included in the statistical analysis. 
The pesticides identified in the diary are all herbicides (CAB International, 1998) but 
can also be categorised into agricultural and amenity pesticides. Simazine, atrazine and 
diuron have been identified as the non-agricultural pesticides likely to cause PCV 
failure in drinking water (White and Pinkstone, 1993; Department of the Environment, 
1994; Court et al., 1995; Eke et al., 1996). Therefore, for the purposes of this study 
simazine and diuron are identified as probable amenity or non-agricultural pesticides 
with a possible source being the A l motorway between Barton and Burtree 
interchanges (Chapter 2). 
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4.4.2 Improvements to the water treatment process at Broken Scar WTW during 
this study 
When this study began, in 1995, an increasing appreciation that there may be a 
relationship between river floods and pesticide failure at customers' taps developed 
within Northumbrian Water. Powdered Activated Carbon (PAC) has been 
demonstrated to be effective in removing pesticides from drinking water but cannot be 
applied continuously as it is extremely costly (Chapter 2). Therefore in 1995, a 
decision was taken by the company to apply PAC to the water at Broken Scar during 
floods. The definition of 'flood' used the same criteria as applied in this study, i.e. 
when the flow at Barnard Castle weir rose above 40 mV. This definition has 
remained throughout 1995 - 1998. 
The PAC has been used with varying success. The PAC dosing equipment, which was 
available in 1995, was a small portable unit designed for emergency use during 
pollution incidents. The unit was incapable of dosing the required dose to Broken Scar 
plant while on normal or high flow and was unreliable. Therefore, new equipment, in 
the form of a package plant, was installed early in 1996. The new equipment performed 
very poorly and was not fully commissioned until January 1997; since this time 5 mg 1"' 
of PAC has been dosed when the river has been in flood. 
The practice has probably been successful. Notably, the only PCV failure to occur in 
the Broken Scar distribution area during 1998 was 'Event 16', a diuron concentration of 
0.13 \ig l " 1 (Table 4.9). Furthermore, examination of the treatment plant daily record 
for 30/4/98 showed that carbon was not being dosed at this time, as the river was not 
157 
recognised to be in flood, because the river flow was below 40 m V (Figure 4.9). The 
hydrograph indicates that this event probably did not occur during runoff and as the 
pesticide is diuron, an amenity pesticide, no prediction of risk can be made from river 
flow. 
The use of PAC at Broken Scar Water Treatment Works will have affected the study as 
the concentration of pesticide in samples taken from treated water, i.e. Broken Scar 
final water and Darlington tap water during the larger floods (> 40 mV 1), after January 
1997 will probably have been significantly reduced. This introduces major 
uncertainties; however, as the PAC is known to be only partially effective, high 
concentrations of pesticide (> 0.1 \i% l"1) in the river would still probably be at 
detectable levels in the treated water and therefore included in the study. Any error that 
has been introduced wil l bias against the connection between floods and failure as PAC 
is only dosed during floods. 
4.4.3 River flow data 
The Environment Agency is responsible for the collection and processing of most river 
flow data in England and Wales (Natural Environment Research Council, 1994). River 
flows at Broken Scar Weir (Figure 4.5) were first recorded in 1956 and, for the time 
period relevant to this study, are available as daily mean flows or 15-minute values. 
Details for the Broken Scar and Barnard Castle flow measuring stations are given in the 
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Appendix HI. River flows were calculated from the level (stage) data using the rating 
equation provided by the Environment Agency (Appendix HI). 
Statistical examination of river flow data 
River flow data for each individual year (1994 - 1998) were examined statistically 
(Table 4.3). The maximum flow for each year should be treated cautiously as this is 
just one event. However, the 75 t h and 95 t h percentile levels are important indicators of 
the magnitude and frequency of the floods, which occur in each year. From these data 
1996 can be identified as a distinct outlier. Furthermore, when the duration of the 
larger floods (> 40 m V 1 ) is examined, significantly less hours occurred in large floods 
in 1996 than in other years between 1994 and 1998 (Table 4.11). Furthermore, when 
these data are plotted against the numbers of pesticide-present events in Darlington and 
pesticide failures within the Broken Scar distribution system in each year and the 
probable reduction in failures and pesticide present events due to PAC, dosing during 
1997 and 1998 taken into account, then there is a distinct trend of pesticide-present 
events and failures following 95 t h percentile of river flows and the proportion of time 
spent at high flow (Figure 4.10). Therefore, these data support the general argument that 
failure frequency is associated with years when floods are more common. 
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4.4.4 Analysis of pesticide and river flow data 
River flows were plotted for a 24-hour period around each pesticide-present, pesticide-
absent and unclassified event. To assess the data objectively, river events were 
classified into five flow categories: 
1) < 1 0 m V 
2) 1 0 - 2 0 m V 
3) 20 - 4 0 m V . 
4) 4 0 - 1 0 0 m V 
5) > 100 m V 
The categories were designed to meet the distinctive flow regimes of the River Tees. 
When the weather is dry and there is little runoff, the river is maintained, by the 
3 — I 
impounding reservoirs, at a stable level between 5 and 8 m s . The first flow class was 
therefore < 10 m V . The 1995 pesticide survey, carried out for this project, was based 
on a 'flood' definition of > 40 m V . Therefore, 40 m V defined a high flow for this 
classification. However, extreme events may be important. Accordingly, to separate 
moderately high flow from the extremely high flow, two categories were defined, 40 -
100 mV1 and > 100 mV. The flow range 10-40 m3s 1 was divided into two classes, 
1 0 - 2 0 m 3 s - 1 and 20 - 40 m V . River Tees flows for the years 1994 - 1998 were 
examined and the average time for each flow was determined. The river flow was found 
to remain below 10 m 3s - 1 for 56%, i.e. the majority, of the time. The proportion of time 
for each of the flow categories was, respectively, 1 0 - 2 0 mV1 (19%), 20 - 40 m V 
(14%), 40 - 100 m V (8.1%) and > 100 m V (2%) (Table 4.12). 
163 
00 Os Os 
Os Os 
co o •o\ 
CO 
•f 
co 
a. u > 
o 
J 
1-1 
u 
1 
3 
s 
8 
o 
(U) 
u 
IS o 
o cd u 
I o 
X ! 
E o o 
o 
tN 
e 
© 
CO 
s 
o 
5a 
o 0 3 0 0 
SO SO 9 0 so vo 
f> i"- » 
00 00 9 0 00 O0 
C M 
" O rts O 
£ ^ £ C M 
cn o so >n 
: ^ O M M H 
os r~ co in os 
22 P 52 £ 
c» o © © m o m ^ os 
C M m so in 
~ - 1 — 1 ~ * C M 
r> so 00 os f> cn in os os 
C M I O O V I ( S 
m so ir> cn 
10 so 00 0s OS Os OS Os OS Os OS OS Os 
SO SO 
00 
C M 
8 2 
(•»» 00 
C M 
SO: 
3 ^ Os O 
M i 
4> ^ 
z 
3 O 
,XS 
« t 
00 r-» 
00 
a, 
u 
cd 
CO 
CO 
SO Os OS 
o 
55 
164 
Generally, all River Tees flows of 20 m V and over occur during dynamic runoff 
events, i.e. the hydrograph was rising or falling. However, flows below 20 mV 1 may 
be static, maintained by general catchment flow or they may be small dynamic runoff 
events. Therefore, the original scheme was refined and with flows of 20 mV 1 and 
below, classified in their flow category but also as either static or runoff. Therefore, 
events were classified into seven categories (Table 4.13). 
Each pesticide event was then placed into the relevant category: i f the identified period 
contained a runoff event it was classified as 'runoff, and if it did not it was classified as 
'static'. Figure 4.1 la, b and c demonstrate static (< 10 mV1), low flow runoff (10-20 
m s ) and high flow runoff (> 100 m s ) events respectively. The classified pesticide 
events were tabulated and a graph produced (Table 4.14 and Figure 4.12). 
Table 4.14 shows that 41% of pesticide-present events occurred during large flood 
events, i.e. flows greater than 40 m 3 s -1, and 41% occurred during smaller runoff events 
i.e. flows less than 40 m s . Conversely, 71% of pesticide-absent samples occurred 
during static river flows. Therefore, the hypothesis that pesticide failure is linked to 
floods is not clearly demonstrated. Taking precautions against failure solely during 
large floods would only prevent approximately 41% of failures. Moreover, 18% of 
pesticide-present events, three events, occurred during static river flows (Figure 4.12). 
These events may be due to point-source pollution or contamination at the customer's 
tap but are possibly from low-volume runoff with high pesticide concentration. The 
low-volume runoff theory is supported by other positive pesticide events, which may 
have occurred during small but discernible increases in river flows, e.g. (Figure 4.11b). 
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Table 4.13 River events categories: five flow ranges with further classification of 
runoff and stable flow. All flows over 40 m3 s"1 are classified as runoff. 
River event category River flow (m3 s"1) River status 
A < 10 Stable 
B <10 Runoff 
C 10 - 20 Stable 
D 10-20 Runoff 
E 20-40 Runoff 
F 40 - 100 Runoff 
G > 100 Runoff 
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Figure 4.1 la-c Examples of stable, low flow runoff and high flow runoff river events 
indicating estimated time of entry to works plotted against River Tees flow at Broken 
Scar weir, (a) Stable flow pesticide-absent event, sample from customer's tap, South 
Darlington, (b) Low flow runoff pesticide-present event, sample from customer's tap, 
North Darlington, (c) High flow runoff pesticide-present event - sample from 
customer's tap, South Darlington. 
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Table 4.14 Pesticide present and absent events categorised into river flow events. 
River event 
Pesticide-present 
events ( pesticide 
concentration 
> 0 . 0 5 u g r ! ) 
Pesticide^absent 
events ( pesticide 
concentration below 
detection limit) 
A (static flow < 10 m3s"1) 2 19 
B (static flow 10-20 m V ) 1 5 
C (runoff event < 10 m V ) 1 0 
D (runoff event 10 - 20 m V ) 2 3 
E (runoff event 20- 40 mV 1) 4 4 
F (runoff event 40 - 100 mV 1) 5 2 ' 
G (runoff event >100 mY 1) 2 1 
Events < 40 m3s 1 10 31 
Events > 40 mV 1 7 3 
Static flows total 3 24 
Runoff event total 14 10 
Total 17 34 
Note: Event 51 is classified into 2 categories as 2 samples were taken during the even 
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Furthermore, these pesticide-present events possibly occurred during increases in river 
flows, which under the current classification are not recognised as floods. 
An alternative way to classify runoff is to identify only the rising limbs of the events. 
The rising limb has been identified by other studies (Kreuger, 1995; Williams et al., 
1995) as the most likely time when pesticides are to be detected. Furthermore, the 
pesticide-present event of the 26/9/95 probably occurred during the rising limb of the 
hydrograph (Figure 4.7). Therefore, to evaluate runoff events rising limb frequency 
and duration, 1994 to 1998 flow data were analysed to identify the total number of 
rising events. 
To calculate total annual number of rising events a cut-off gradient was chosen. Rising 
gradients of more than 4% h"1 were judged to be rising as lesser gradients included 
'noise' possibly from the level measuring and recording equipment. This did cause 
some smaller runoff events to be classified incorrectly; however the error was 
considered to be of minor significance when compared to the problem of vastly over-
estimating total annual runoff time by including 'noise' in the calculation. Using this 
classification, during 1994 to 1998 there was an annual average of 219 rising events 
which calculate to a probability of 29.9% of a rising event in any 12 hour period. 
The observed and expected frequency of rising events was then assessed using the Chi-
square test. Chi-square, a test of homogeneity or randomness (Fowler and Cohen, 
1986), compares observed frequencies with those expected under some null hypothesis, 
e.g. the hypothesis that there is no relationship between runoff events and pesticide 
events. If there is a discrepancy or a serious departure of the observed from the 
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expected then the Null Hypothesis must be rejected in favour of some alternative, e.g. 
the hypothesis of this study that pesticide events are associated with runoff events. The 
Chi-square test, although apparently simple to compute, is fairly rigorous so long as the 
calculation of expected and observed frequency is made from random samples. As the 
data tested were from the Northumbrian Water and EA random sampling programmes 
and excluded deliberate flood sampling programmes the Chi-square test is valid. For 
the Chi-square test two null hypotheses were tested; all pesticide-present events are not 
associated with the rising limb of runoff events and agricultural pesticide-present events 
are not associated with the rising limb of runoff events. 
Hydrograph gradient was examined for each pesticide event and the results recorded as 
observed behaviour. Expected behaviour was calculated from the probability that a 
rising event would occur for each event (Table 4.15a), e.g. for the seventeen positive 
pesticide events there is a probability that 29.9% of them will have a rising event within 
the identified twelve hour period. Therefore, the expected number of rising events is 
5.1; the observed number was 9 (Table 4.15a). Pesticide-present, pesticide-absent and 
non-classified events were also examined. The observed frequency of rising events was 
close to the expected frequency, confirming the randomness in the data (Table 4.15a). 
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When all pesticide events are examined, more rising events were observed for 
pesticide-positive samples than were expected (Table 4.15b), as was reflected in the 
significant Chi-square score. Pesticide-absent events generally occurred during low 
static flow (Table 4.15b). However this is not significant, as this class of flow occurred 
for an average of 56.4% of the time between 1994 to 1998, and is reflected in the low 
Chi-square score. The total Chi-square score for these data is not significant when 
compared to the 0.05 level of significance required for one degree of freedom (Tables 
4.15b and 4.15d). Pesticide-present events had a higher number of rising events 
observed than expected when examined individually: however the significance was not 
great enough when both classes of events were taken into account. 
Therefore, when all classified events are analysed using the Chi-square test the 
conclusion is that the frequencies of observed events are not significantly different from 
the expected events. This is due to two main factors: the primary factor is the 
inaccuracy of the time the pesticide entered the treatment process. Therefore, the 
expected frequency of rising periods had to be calculated for 12-hour periods rather 
than a 1-hour period. Another important factor may be that runoff containing diffuse 
pollution from agriculture may affect the river flow. However, point-source pollution 
or amenity pesticide pollution can occur when there has been no rain or slight rain with 
and hard surface runoff, which would not affect the river flow. Significantly therefore, 
if the amenity pesticide events, i.e. simazine and diuron events, are removed from the 
pesticide-present statistics and re-classified, the relationship between agricultural 
pesticide-present events and runoff is more evident. Unfortunately, removing the 
amenity pesticide events reduces the total number of pesticide-present events to 11 and 
the number of expected rising events to 4.2. Therefore, the Chi-square analysis, 
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although interesting is rather crude. Further investigation of the relationship is required 
using more sophisticated analysis. 
4.5 Final observations and conclusions 
Data from Northumbrian Water and EA routine random sampling and analysis 
programmes suggest that there are river events when pesticides are present in 
concentrations which compromise drinking water quality. However, although the 
evidence is intriguing, due to the Northumbrian Water sampling policy and the 
characteristics of the distribution system, it is not possible to define an absolute link 
between pesticide 'failure' at customers' taps and floods or runoff. Therefore, to 
improve failure audit when pesticides are detected, a change of monitoring policy is 
required. As a direct consequence of the findings of this study, from January 2000, 
pesticides wil l be monitored at the point of supply, i.e. the works final sample point. 
Sampling in this manner will save analysis costs as one sample at a supply point counts 
as a simultaneous sample in each distribution zone. A further advantage of sample 
from an 'official ' sampling point is the high quality of the tap and fittings: therefore 
there will be less 'noise' on analytical traces and less false positive samples. Therefore, 
cleaner samples with short time-of-travel will facilitate further studies towards 
identification of sources of contamination. 
The aim of the present study, to investigate a large river system, was ambitious. 
Previous studies have investigated small catchments or sub-catchments. There were 
flaws in both archive data and the methodology of the 1995-Survey. The principal 
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flaws in the archive data and the survey were respectively the sampling of pesticides at 
customers' taps and the use of 6-hour composite samples to monitor the River Tees. 
However, this study has identified several key points about pesticide contamination in 
the River Tees. 
(i) The contamination behaves as predicted by previous reported studies; it is 
probably from multiple sources and approximately 82% may be due to non-
point-sources, i.e. diffuse pollution occurring during runoff (Table 4.14). 
(ii) Correspondingly therefore, 18% may be from point-source pollution, i.e. 
occurring during static river flows (Table 4.14). 
(iii) The pollution source is most probably not the Greta, Deepdale Beck or Upper 
Teesdale, as all samples taken from these sources were free of pesticides. 
(iv) The nature of the 'spike' concentrations of dichlorprop (26/9/95) and linuron 
(5/10/95) suggest a source close to the treatment works inlet. I f the source were 
many kilometres upstream then the pesticide would become mixed into the high 
flowing turbulent river and not behave as a defined spike. The prime suspects 
for the agricultural pesticides are Langley, Dyance and Ulnaby Becks as 
pesticides which have failed at customers' taps were detected in these becks; 
further work should therefore concentrate on these three sites. 
(v) The use of ammonium or nitrate as surrogate parameters to predict pesticide 
pollution is probably not a viable proposition. There are similarities in the 
behaviour of nitrate and pesticides; however the relationship will not be a 
simple one. Therefore, more work is required. 
(vi) A prime suspect for the diuron failures may be the A l motorway; further work 
must be carried out to assess this problem. 
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There is evidence that the dosing of PAC during events of 40 m Y 1 and greater 
has improved compliance, and incidentally probably limited the number of 
pesticide-positive samples for data analysis. However, further change in the 
classification of floods to all rising events, and then dosing of PAC during these 
periods, may further improve compliance while reducing treatment costs. Table 
4.16 demonstrates the annual quantity and cost of PAC required for both the 
flow and the gradient regimes. The saving of over £9,000 per year is significant 
and, more importantly, the judgement of when to dose would be made on a 
scientifically sound basis. 
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Table 4.16 Cost savings predicted for change of classification of flood, 
from 'flow' to 'rising', for Powdered Activated Carbon (PAC) dosing regime. 
Hours dosing Carbon dosed Cost of carbon 
Classification of'flood' , n .1 . 
carbon (kg year ) (£ year ) 
Flow > 40 m V 882 22,200 16,428 
Rising limb event 358 9,000 6,660 
Annual saving 9,768 
Average plant flow 120 Ml d" 
Dose of PAC applied 5 mg 1"1 
Carbon price £740 ton -1 
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Chapter 5 
The Investigation of 'PESTVIEW a Pesticide Database and 
Catchment Pesticide Risk Assessment Model 
5.1 Introduction - the need for risk assessment 
I f Northumbrian Water were obliged to analyse drinking water samples for the five 
hundred (approx.) pesticides approved for use in the UK (British Crop Protection 
Council, 1998) the annual cost would be over £550,000 (Table 5.1). Furthermore, if the 
analysis was carried out and no pesticides were detected, then samples will have been 
analysed for 42,000 extra parameters and the company compliance figures would be 
enhanced (Table 5.1). Speed (1993) demonstrated the "exponential" cost of improving 
the compliance statistics by improving treatment and delivery practices. Therefore 
there could be the temptation to improve compliance with drinking water regulation 
companies by merely increasing the frequency of analysis of compounds which are not 
expected to be present. 
However, the 'Commission of the European Communities' state "there is little value in 
analysing frequently to confirm that a parameter not expected to be present cannot be 
detected" (Statutory Instruments, 1998b). This statement serves to reduce the cost of 
analysis, which would be passed on to customers, and deters companies from including 
large numbers of irrelevant parameters for analysis purely to improve their compliance 
statistics. Therefore, it is fundamental to regulation that the pesticide-monitoring 
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strategies of water companies identify suites of analysis, which contain the pesticides 
likely to be present, i.e. used or supplied within their catchment areas (Statutory 
Instruments, 1998b). 
5.2 Identification of the pesticides 'likely to be present' 
To identify the pesticides "likely to be present" a comprehensive pesticide risk 
assessment survey of the catchment must be undertaken. It is generally accepted that 
pesticide applications made for agricultural purposes can contaminate water (Chapter 
3). However, pesticide applications are also made for non-agricultural uses, e.g. 
amenity use to reduce labour and maintenance costs (Health and Safety Executive, 
1992). Although the load of these pesticides is a factor of 10 to 100 times lower than 
that of the pesticides applied to cereals, the impact on drinking water can be high 
(White and Pinkstone, 1993; Kreuger, 1995). Amenity pesticides have been identified 
as a major source of pesticide pollution in some areas of Great Britain (Harris et ai, 
1991; White and Pinkstone, 1993; Garnett, 1995; Carter and Heather, 1995). There are 
several factors, which may contribute to this increased pollution. Some amenity 
pesticides are sprayed on to hard surfaces, e.g. pavements, roadsides and railways, 
where there is no retention by the soil. These areas are generally drained, allowing 
pesticides to rapidly reach surface water and leach to groundwater (Figure 5.1). 
Furthermore, pesticides used in amenity situations are chosen for their prolonged 
action, i.e. they are more persistent and therefore are more likely to reach water (White 
and Pinkstone, 1993; Department of the Environment, 1994c). 
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Moreover, roads and railways are built on the low-lying ground and generally follow 
river valleys, which can concentrate amenity pesticide use closer to watercourses e.g. 
the A167 route to Barnard Castle and the Tyne Valley Railway. There are no railways 
in the Broken Scar catchment; however there is the section of the A l motorway, which 
drains into the Tees approximately 1100 m upstream of Broken Scar. It may also be 
important that the drain is situated on the same side of the river as the treatment works. 
Furthermore, when data from Northumbrian Water and EA routine sampling 
programmes from 1994 to 1998 were examined, 6 out of the 17 samples were found to 
contain significant concentrations of the 'amenity pesticides' simazine or diuron. 
Therefore, 35% of the pesticide 'problem' at Broken Scar WTW was found to be due to 
non-agricultural pesticides (Chapter 4, Table 4.9). Therefore, the pesticide risk 
assessment survey must include amenity as well as agricultural pesticides. 
5.2.1 Monitoring change of use and formulation of pesticides 
Chapter 3 outlined the changing farming practices and the constant development of new 
pesticides. Pesticides are also reformulated to increase potency and efficiency; e.g. 
original formulations of mecoprop CMPP contained a mixture of two optical isomers. 
Only one of the isomers has herbicidal activity. A new formulation of mecoprop, 
mecoprop-p, contains proportionally more of the active isomer and has been found to 
be twice as effective and therefore can be applied at half the former dose (Squires et al., 
1987; Eke et al., 1996). Therefore, both the applications of mecoprop must now be 
reported as two separate formulations, mecoprop CMPP and mecoprop-p. The EA are 
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actively encouraging the use of mecoprop-p and it is therefore important to monitor the 
change in use of the formulations. 
An example of a major change in the amenity pesticide use is the banning of simazine 
and atrazine for all but domestic amenity use in 1993 (Department of the Environment, 
1996b; Eke et al., 1996). In 1989 simazine and atrazine accounted for 39% of all non-
agricultural herbicide use in England and Wales (Table 5.2), and were frequently found 
in drinking water up to this time (Garnett, 1995; Eke et al., 1996). After the prohibition 
of the use of these two pesticides diuron, an alternative to atrazine and simazine, has 
been found with increased frequency (Department of the Environment, 1994c; Garnett, 
1995; Chave, 1995). This pattern has been observed in the analysis of samples from 
Broken Scar; simazine was detected in samples taken during 1994 and 1995, and diuron 
was detected in samples taken in 1997 and 1998 (Table 4.8). Garnett (1995), using data 
from Severn Trent Water, stated that use of glyphosate, a "designer pesticide", can 
reverse this trend (Figure 5.2). Moreover, glyphosate is now used throughout England 
and Wales as a 'safe' amenity pesticide. However, Garnett did not demonstrate 'safety' 
as no data were given on the glyphosate residues present (Figure 5.2). Glyphosate was 
merely presumed to be absent. Analysis for glyphosate is not generally carried out by 
water companies as robust methods of analysis for glyphosate and its main metabolite, 
AMPA, will not be available until 2000 (AES, 1999). However, some data on 
glyphosate and AMPA residues are available. Pesticides and metabolites detected in 
the River Meuse, from 1990 to 1995, demonstrate the change of use of amenity 
pesticides (Figure 5.3). Atrazine was detected in decreasing concentrations from 1990 
to 1995. Diuron was first detected above the 0.1 ug T1 limit in 1991, increasing until 
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Table 5.2 Non-agricultural herbicide use in England and Wales, 1989. 
Atrazine and simazine accounted for 39% of all non-agricultural pesticides in 
1989 (Source: Department of the Environment, 1996b). 
Active ingredient , . A . . % of total 
(tonnes) 
Atrazine 135.1 25 
Simazirie 78.5 14 
Diuron 67.1 12 
2,4-D 50.5 9 
Mecoprop 43.7 8 
Amitrolc 41.2 7 
Glyphosate 26.0 5 
Sodium chlorate 24.0 4 
MCPA 21.3 4 
Dichlobenil 14.1 3 
Others 49.5 9 
Total 551 
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Figure 5.2 Pesticide levels in raw water, Severn Trent (Garnett, 1995). Simazine 
and atrazine levels declined from 1990 to 1993. Levels of diuron increased over the 
same period. Glyphosate has been used increasingly in place of diuron since 1992. 
Diuron levels have fallen over this period. 
Vo samples >0.1ug/l 
30 
diuron jsopioturon 
20 
atrazine 
mecoprop 10 
simazine 
i r 
1990 1991 1992 1993 1994 
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Figure 5.3 Pesticides and metabolites detected in the River Meuse, 1990 to 1995 
(Developed from a poorly reproduced overhead from: van Dijk, 1997). Atrazine was 
detected in decreasing concentrations from 1990 to 1995. Diuron, first detected above 
the 0.1 ug l" 1 limit in 1991, increased until 1993, then decreased in 1994 and was not 
detected in 1995. Glyphosate and its metabolite AMPA were first detected in 1994. 
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1993, then decreasing in 1994 and not detected in 1995. Glyphosate and its metabolite 
AMPA were first detected in 1994 (Van Dijk, 1997). Therefore, the premise that 
glyphosate is non-persistent and therefore not a threat to water quality is questionable. 
Therefore, changes in pesticide formulation and use of both agricultural and amenity 
pesticides have been demonstrated to occur over relatively short time periods, one to 
two years in some cases. To effectively identify loads of active ingredients applied to 
catchment areas there must be continuous assessment of agricultural and non-
agricultural practices, pesticide use and pesticide formulations. To achieve this, close 
liaison is required with farmers, farming advisors, non-agricultural users and pesticide 
manufacturers. 
5.3 Pesticide properties which affect movement to water 
The quantity or load of pesticide applied to the land cannot be used alone to assess risk. 
Pesticides, which readily leach to water and are more persistent, are beyond doubt of 
higher risk to watercourses. The herbicide glyphosate, for example, is recommended by 
MAFF (MAFF, 1995b) for use in or near water, as it is believed to strongly sorb to soil 
and degrade quickly (Garnett, 1995). However, the herbicide diuron has been found in 
water in many areas of England and Wales (Department of the Environment, 1994c; 
Garnett, 1995; Chave, 1995) but is not approved for use near water (MAFF, 1995b). 
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5.3.1 Pesticide toxicity 
Pesticide toxicity to humans and the environment is usually ignored for the purposes of 
this risk assessment. Regulation attributes pesticides, with the exception of Endrin and 
Dieldrin, equal status (Statutory Instruments, 1998b). The EC Drinking Water 
Directive has set a maximum concentration of 0.1 ug l" 1 in drinking water for individual 
pesticides. Therefore pesticide risk is examined purely against likelihood of occurring 
in drinking water above this concentration. 
5.3.3 Pesticide physical and chemical properties 
There are potentially 5 main parameters, which affect a pesticide's "inherent tendency 
to undergo leaching or runoff': water solubility, vapour pressure, soil sorption 
coefficient, soil half life and acid/base ionisation equilibrium constants (Hornsby et al., 
1996). 
Water soluble pesticides may be washed from the point of application by rain. 
However other properties, e.g. half life and soil sorption coefficient, will then determine 
the fate of these pesticides. 
Vapour pressure is a measure of the pesticide's tendency to volatilise, which is an 
indication of the "volatilisation tendency of the pesticide in its normal pure state" 
(Hornsby et al., 1996). A volatile pesticide may "escape" into the environment from 
the point of application by evaporation, which may be a significant route to water 
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(Harris et al., 1992). Breeze (1993) found it extremely difficult "to distinguish between 
spray and vapour drift in the field" when he was investigating the affect of pesticide 
drift on wild plants. 
The soil sorption coefficient is a measure of how strongly an individual pesticide may 
adsorb or absorb on to soil particles. It can be measured by measuring the ratio of 
concentrations in solution and sorbed on to soil of a pesticide in a water/soil slurry after 
equilibration. Strongly sorbed pesticides will not readily leach to water, and therefore 
will not be present in runoff unless soil erosion occurs. 
"The half-life of a pesticide is defined as the time required for the pesticide to undergo 
dissipation or degradation to half its initial concentration" (Hornsby et al., 1996). 
Neely and Blau (1977) used simple mathematical models to predict hydrolysis, 
photolysis and volatilisation of chlorpyrifos after a single application to earthen ponds. 
This early pesticide 'fate' model proved effective, successfully predicting the rate of 
decline of concentration of chlorpyrifos in both water and fish (Figure 5.4). However, 
the ponds were a relatively recent construction and the ecosystem was therefore not 
very complex. The persistence of a chemical depends not only on the chemical 
characteristics, but also on the characteristics of the environment, e.g. the pH of the 
water and the types and level of vegetation present (Moriarty, 1983), and to soil and 
climate conditions (Hornsby et al., 1996). Therefore, half-life values assigned to 
pesticides are simplistic and merely a general indication of persistence. 
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Figure 5.4 Neely and Blau (1977) used simple models to predict hydrolysis, 
photolysis and volatilisation of chlorpyrifos after a single application of pesticide to 
earthen ponds. The model accurately predicted the rate of reduction of chlorpyrifos 
concentration in fish and water over time. 
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Pesticides which are capable of dissociating into positively or negatively charged ions 
in water are acidic or basic pesticides. Pesticide acidity or basicity will affect its 
sorption potential and sensitivity to soil pH, e.g. acid pesticides become immobile on 
the surface of clay particles (Hornsby et at, 1996). 
5.3.2 The effect of rainfall after pesticide application 
An important factor in the risk assessment is the time period between pesticide 
application and the first runoff event, as modern pesticides have short half-lives, e.g. 
glyphosate has a field half-life of 21 days, compared to the field half-life of simazine, 
130 days (Table 5.3). Wauchope (1978) defines the initial runoff events as 'critical' i f 
at least 1 cm falls, and produces a runoff volume that is 50% or more of the 
precipitation. Larger events may wash off more pesticides, but as the runoff is greater 
then the dilution would significantly lower the concentration. Wauchope and Leonard 
(1980) derived a formula to predict the highest concentration, C, from runoff: 
C =AR{\ +0.44T)'1-6 
where t is the time (days) between application and first runoff, A is an "availability" 
index which quantifies pesticide properties and the characteristics of the site of 
application, R is the pesticide loading (kg/ha). 
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Table 5.3 Pesticide physical and chemical properties. The five main parameters 
which affect a pesticide's mobility are water solubility, vapour pressure, soil sorption 
coefficient, soil half life and acid and base ionization equilibrium constants ( Source: 
Hornsby et al, 1996). Atrazinc and diuron have been found to be mobile, 
glyphosate is believed to be non-mobile. 
Water solubility Sorption 
A c t i v e
 a t 2 5 ° C coefficient Reld half life Vapour pressure 
ingredient , , (days) (mm Hg) 
(mgf ) (mgf ) 
Atrazine 33 100 60 2.89E-07 
Cypermethrin 0.004 10000(e) 30(e) 1.40E-09 
DDT 0.005 2000000(e) 2000(e) 1.90E-07 
Diuron 42 480 90 6.90E-08 
Glyphosate 900000(e) 24000(e) 47 0 
Simazine 6.2 60 130 2.21E-08 
(e) denotes estimated value 
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5.3.4 The effect of soil type on the fate of pesticides 
Soil types are crucial in the assessment of pesticide risk to groundwater. Clay soil 
increases the tendency for surface runoff; sandy soil allows downward movement of 
water and solutes. Soils with high proportions of organic material increase sorption of 
some pesticides. Pesticides moving down through the soil profile are adsorbed and 
delayed in the surface where they are broken down. Notwithstanding, soil type is 
probably less important when assessing risk to surface water in a large catchment as 
there may be several different soil types and furthermore, antecedent conditions have 
been found to be more important. Generally, peak concentrations of pesticide in 
surface waters have been found to occur with peak flow in the first runoff event after 
application (Kreuger, 1995; Williams et ai, 1995). Moreover, i f the soil has been 
previously wetted, it will take no part in the equation, as no downward flow can take 
place and runoff will occur at the surface. Kreuger reported that pesticides "are easily 
transported during a storm event with little interaction with the soil matrix and are 
either dissolved in the soil solution or bound to soil particles" (Kreuger, 1995). 
However, one soil type which could significantly affect pesticides in surface water is a 
'clay soil'. By-pass flow through cracking clay soils is recognised as an important 
factor in pesticide risk to groundwater and surface water (Chapter 3). 
Most arable agriculture and therefore the highest load of pesticides will probably be 
applied to the lower Tees catchment area (Chapter 2). 'Brown Soil' covers this part of 
the catchment area. The soil does not contain significant amounts of clay, which 
probably indicates that there will be minimal cracking and by-pass flow in the lower 
catchment. 
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5.3.5 The effect of mode of pesticide application 
The mode of pesticide application is also important to their fate. Chapter 3 describes 
mechanisms of loss of pesticide during application, e.g. drift and volatilisation. The 
risk to the environment from sheep dip insecticides applied in plunge dips is far greater 
than the risk from those applied as pour-ons (Health and Safety Executive, 1997). 
Furthermore, the type of crop to be treated may significantly affect pesticide fate, e.g. 
air-assisted spraying of fruit trees "is notoriously inefficient and drift prone" while 
downward air-assisted boom sprayers for ground crops can reduce drift (Davis and 
Williams, 1993 pi 1). 
5.3.6 The requirements of a risk assessment model 
To be effective for the Broken Scar catchment, the pesticide risk assessment must 
include a comprehensive survey of agricultural and amenity pesticide usage identifying 
pesticide load, mode and time of application. Liaison with pesticide manufacturers 
must be established to monitor changes of formulation and identify active ingredients in 
emerging pesticides. This information must then be used in conjunction with rainfall 
data and pesticide chemical and physical properties to assess risk to water. 
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5.4 Data available for risk assessment 
Agricultural surveys were initiated in 1965 by MAFF in response to public concerns 
over organochlorine pesticides, and the first arable crop survey was carried out in 1974 
(Department of the Environment, 1996b). Pesticide Usage Survey Groups (PUSGs) 
have been established to provide the Advisory Committee on Pesticides with data, 
expert interpretation and technical advice on the usage of agricultural and food storage 
pesticides (Department of the Environment, 1996b). Amenity pesticide data are 
however not covered in these surveys and are therefore extremely limited (Department 
of the Environment, 1996b). Furthermore, data on the use of amenity pesticides appear 
to be extremely 'sensitive' and amenity pesticide manufacturers and users are unwilling 
to disclose information which would be of use to water companies. 
Pesticide chemical and physical properties are available from many disparate sources. 
There have been many studies which have identified these parameters for individual 
pesticides, e.g. Altrom and Stritzke (1973) carried out work on degradation of selected 
herbicides in soils; Boesten and van der Pas (1983) worked on adsorption/desorption of 
herbicides in field soil. Using some of these primary data and data from pesticide 
manufacturers in combination with other previously published and unpublished data 
bases, Hornsby et al. (1996) collated a 'pesticide properties database'. Produced from 
342 references, this provided a comprehensive tool to aid prediction of the water 
pollution potential of pesticides. The data base identifies each pesticide, lists physical 
and chemical properties from several references, and then recommends selected values 
for these properties (Table 5.4). However Hornsby et al. (1996) state that the data-base 
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has many limitations: they called for more work on pesticide properties and expressed a 
need for more information about pesticides in the environment. 
The British Crop Protection Conference (1995) included presentations on many recent 
studies undertaken to increase understanding of pesticide fate in the environment. 
These studies included work on pesticide persistence in different depths of soil, which 
is important in predicting risk to groundwater (Lewis et al., 1995). A paper on 
modelling the relationship between persistence and temperature was presented by 
Heiermann et al. (1995). Their objective was to improve previous predictive models, 
which overestimated pesticide dissipation during cold, wet periods, in the winter. 
Three papers, Walker et al. (1995); Leake and Gatzweiler (1995); and Zhou et al. 
(1995), discussed sorption processes in soil, and the importance of adsorption and 
desorption constants to the pesticide leaching potential. For predictive models these are 
presumed to be constant. However, Walker et al. (1995) demonstrated that as the 
pesticide enters the soil "desorption becomes more difficult with increasing residence 
time". Walker et al. (1995) also described alternative techniques to measure pesticide 
adsorption/desorption relationships. Leake and Gatzweiler (1995) discussed the 
adsorption/desorption relationship further. They had carried out laboratory 
determinations of adsorption and desorption and had observed hysteresis, i.e. there was 
not complete reversibility of the adsorption process. Zhou et al. (1995) carried out 
laboratory experiments on Tefluthrin and found "that desorption increased significantly 
with temperature while the effects of pH, ionic strength and DOC were not significant" 
(Zhou et al., 1995). The influence of rainfall intensity on pesticide transport was also 
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discussed. Johnson (1995) found that low rainfall intensity was less efficient in 
removing and transporting solutes from the soil surface. Therefore, it follows that there 
is a higher possibility of pesticide runoff with high intensity rainfall. 
The knowledge gained in these and other studies may improve future mathematical 
modelling of pesticide fate in the soil. They are important to the understanding of the 
mechanisms of pesticide transport. However, they have generally been carried out on 
small systems, sometimes in the laboratory. Northumbrian Water pesticide risk 
assessment must cover large river systems, e.g. the Tees catchment to Broken Scar, the 
Tyne catchment to Horsley and the Wear catchment to Lumley. Therefore, a larger, 
'whole catchment' approach must be adopted. 
5.5 The need to use a computer model to assess criteria 
The available data are numerous and the production of a strategy to fit current pesticide 
usage and practices is, of necessity, a 'moving target'. An expert system is required to 
assess risk. There are currently two systems, which are purported to be capable of this, 
the EA's 'Prediction of Pesticide Pollution in the Environment' (POPPIE), which is 
still under development, and 'PESTVJEW' from 'FARMSTAT'. 
When this study began in 1995 'PESTVIEW' by 'FARMSTAT' had been selected and 
purchased by Northumbrian Water for the trial period, July 1995 - June 1996. 
Therefore, the aim of this study was to use 'PESTVIEW' to carry out the company 
surface water risk assessment survey and produce a targeted cost-effective pesticide 
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monitoring strategy and to assess the effectiveness of the model using all the relevant 
criteria. 'PESTVIEW' may also be a useful tool to aid catchment investigation and 
could possibly be further developed into a failure prevention model: therefore these 
functions were also assessed. To facilitate this study, two further years of 
'PESTVIEW' data were purchased, increasing the assessment period to three years, 
July 1995-June 1998. 
'PESTVIEW' is advertised as a 'live' database, which is compiled using a continuous 
survey of UK agriculture. The system, produced by 'FARMSTAT', part of the 
'Produce Studies Group', was launched in 1977 primarily as a record of past pesticide 
usage but has been developed as a tool to predict current and future pesticide loading on 
to land. Further advancement, using runoff and groundwater leachate models, has led 
to a system to predict risk of pesticide contamination to surface and groundwater. 
5.5.1 The 'FARMSTAT' system 
At the centre of the 'PESTVIEW' database is the 'FARMSTAT' system, a selected 
panel of approximately 2,500 farmers who provide detailed pesticide usage data (Table 
5.5). To ensure that the farms are representative of farming throughout the UK, the 
selection is made using the annual MAFF census of agricultural cropping. The data, in 
the form of questionnaires, are collected in January, May, July and September each 
year. They include comprehensive information regarding the date of application, dose 
rate, land area, type of crop treated and commercial brand name of the product used. 
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Table 5.5 Agricultural and non-agricultural data included in the 'Pestview' System. 
Agricultural surveys are carried out annually. Non-agricultural and sheep farmer 
surveys are carried out every four years (Source: Produce Studies Group, 1994; 
Weddepohl, pers. comm.). Data used for Northumbrian region are from the North East 
Yorkshire and Humberside (in red). 
Year 1990 1993/94 1994/95 1995 1995/96 1996/97 1997/98 
Arable farmers: 
East Anglia 305 299 286 271 
East Midlands 290 293 286 254 
North East (Yorkshire 
338 322 306 282 and Humberside) 
North West (West 
Midlands and Wales) 269 263 239 256 
South East 331 326 321 280 
South West 198 182 179 191 
Scotland 249 243 262 279 
Total number of arable 
farmers 2000 1980 1928 1879 1813 
Number of surveys per year 4 4 4 4 4 
Grassland farmers: 
East Anglia 25 26 32 21 
East Midlands 51 50 60 62 
North East (Yorkshire 
and Humberside) 
110 112 115 128 
North West (West 
Midlands and Wales) 
200 208 203 184 
South East 68 63 52 58 
South West 134 134 138 132 
Scotland 135 137 128 128 
Total number of grassland 
farmers 800 723 730 728 713 
Number of surveys per yeai 1 1 1 1 1 
Non-agricultural use 
surveys: 
Total number of users 370 
Number of surveys per year 1 1 
Sheep farmer surveys: 
Total number of farmers 500 
Number of surveys per year 1 1 
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The active ingredients content of commercial preparations are generally published and 
freely available; however the formula of new brands is commercially sensitive 
information. Therefore, it is critical that ' F A R M S T A T ' has a good relationship with 
the agrochemical industry so that this confidential information is accessible. To 
complete the picture, two further types of survey are carried out; 500 sheep farmers are 
surveyed to determine sheep dip use and 370 non-agricultural users, e.g. Railtrack, are 
surveyed to determine amenity herbicide use. These surveys are carried out at a lower 
frequency than the arable farm surveys (Table 5.5). The survey data are then used to 
establish the average monthly weights of active ingredients applied per hectare of 
individual crops. These are calculated for each individual region, as there are variations 
in pests and diseases between North and South of the U K (Department of the 
Environment, 1996b). 
5.5.2 Cropping patterns 
Cropping patterns are then established by taking annual M A F F census data f rom the 
previous year and adjusting for recent changes by examining the current 'PESTVIEW' 
farm surveys for trends. The adjusted M A F F census data are then placed within a G.I.S. 
framework. Areas to be investigated can then be selected and crop area identified. The 
weight of active ingredient applied in a water catchment can then be estimated by 
multiplying the average rate of active ingredient per hectare by the number of hectares 
of crop in the catchment. 
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5.5.3 Pesticide runoff and leachate model 
The 'PESTVff iW' pesticide runoff and leachate model, PESTSG, was derived f rom 
two mathematical models. The model, which applies to the surface water component, 
and was published by Haith, is a "simple mathematical model for the estimation of 
losses of dissolved and solid-phase pesticide in cropland r u n o f f (Haith, 1980 p428). 
The model is ideal for the ' PESTVIEW system, as it does not require detailed 
meteorological, soil and crop data and, furthermore, there is no need for calibration 
(Haith, 1980; PESTVff iW, 1994; Weddepohl, pers. comm.). 
Haith (1980) makes two fundamental assumptions for this model; that pesticide levels 
in the soil decay exponentially with time and, for solid-phase pesticide, only pesticides 
in the top 1 cm of the soil are available for runoff. Therefore, i f the first rainfall occurs 
t days after application, P t the pesticide concentration in g ha _ 1 in the top 1 cm layer of 
soil is given by: 
P t = P 0 exp (-at) 
where P 0 (g ha - ' ) , the initial pesticide concentration of the surface soil, is estimated 
f rom FARMSTAT data, a (da" ' ) is the pesticide decay or degradation rate. Numerous 
disparate degradation rates for each active ingredient may have been estimated by 
various laboratory and field studies: these studies are assessed and a selected value for 
each pesticide is supplied to the 'Produce Studies Group' by a consultant (Weddepohl, 
pers. comm.). 
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The fate of the pesticide then depends on its partitioning between solid-phase, adsorbed 
on to soil particles and the soluble liquid-phase in soil water (McEwan and Stephenson, 
1979; Lawrence and Foster, 1987). Haith (1980) calculates the partitioning within the 
model by the equilibrium adsorption equation: 
a( = &d, 
where a t (mg kg"1) is the concentration of adsorbed pesticide on surface soil particles, k 
is the adsorption/desorption partition coefficient in the soil solution and d, (mg l" 1) is 
the pesticide concentration in the soil solution. 
Haith (1980) states that the soluble pesticide concentration in the surface layer is 
directly related to available water. Therefore, the pesticide concentration is calculated 
from rainfall Rt (cm) and the volumetrically available water 6, which is calculated f rom 
two soil constants, the wilting point and the field capacity. The wilting point is the 
minimum water content at which plants can extract water, and the field capacity is 
defined as the water remaining after downward f low of water, under gravity, has ceased 
(Veihmeyer and Hendrickson, 1931; Ward and Robinson, 1990). The difference 
between these two is the volumetrically available water (Brady, 1984; Ward and 
Robinson, 1990). 
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Thus, i f sufficient rainfall R, falls to f i l l the available capacity of the 1 cm upper layer, 
then D,, w i l l be the soil solution concentration multiplied by the available soil water 
(Haith, 1980): 
100 0 dt 
Similarly, adsorbed concentration and the soil mass determine the adsorbed pesticide 
concentration: 
100 Qdt 
where Q is the soil bulk density. 
Therefore Haith (1980) defined the solid-phased pesticide status as: 
A,„[l/( l + 0 /*c ; ) ] / ' , 
Conversely dissolved pesticide status is defined as; 
Dl = [V(\ + kQl0)] P, 
Solid-phase pesticide loss is directly related to runoff Q, (cm) and soil loss X, (tons ha"1). 
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Haith (1980) uses two general predictive equations to predict runoff and soil loss: 
1) The Soil Conservation Service Curve Number Equation for Runoff (Ogrosky 
and Mockus, 1964; Mockus, 1972) 
Qt = (R, - 0.2S,)2/( R, + 0.085,) 
where S, (cm) is a water retention parameter, which is a function of antecedent rainfall, 
soil, crop and management. These parameters are available for many soil, crop and 
management situations. 
2) The modified Universal Soil Loss Equation (Williams, 1975) 
X, = (U .S/A)(V^f -56 K(LS)C,SP 
where K, (LS), C,, and SP are, respectively, the standard soil erodibility, topographic, 
cover and supporting practice factors. A(ha) is the field area, Vt (m 3 ) the runoff volume 
(100 A Q,) and q, is the peak runoff. 
Therefore, using runoff and soil loss, solid phase pesticide losses, (P X,), on day t are 
calculated from: 
P X , = [ X , / 1 0 0 q ] A, 
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Dissolved pesticide, however, w i l l be distributed into runoff, soil water and also 
percolate down through the soil. Taking only those events where the rainfall is 
sufficient to saturate the top 1 cm layer of soil, i.e. R, > 0, and assuming that the layer is 
dry prior to the event, runoff losses are expressed as: 
PQ.-iQtIR,] D, 
Haith (1980) then expresses the dissolved pesticide remaining in the soil after the event 
as: 
{0IRt)D, 
Therefore the total pesticide remaining in the 1 cm layer of soil, P*, is given by: 
P,* = P,-PX,-(l - OIR,) D, 
From this remaining pesticide concentration, further rainfall events and multiple storms 
can be modelled. 
Haith (1980) tested and validated the model over 3 years in two small watersheds in 
Watkinsville, USA. He found that although the model sometimes gave large errors in 
single runoff events, the total pesticide runoff for a season was reasonably accurate. 
Therefore, he proposed that the model might be useful to predict dissolved and solid-
phase pesticide losses in cropland runoff. Notwithstanding, Haith (1980) called for 
further testing of the model and predicted that further refinements could be made when 
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procedures for estimating pesticide degradation and adsorption in the surface soil 
environment were improved. 
5.5.4 Using ' P E S T V I E W ' to assess pesticide risk in Northumbrian Water 
catchments 
'PESTVIEW' has been developed to run in 'Maplnfo Professional', a desktop-mapping 
tool marketed by 'Maplnfo ' . 'Maplnfo Professional' is a primarily aimed towards the 
business market, particularly where there is a need to display geographical information 
in the form of thematic maps. The 'PESTVIEW' model requires catchment maps to be 
drawn. ' F A R M S T A T ' literature recommends that catchment maps be drawn freehand, 
directly on to a screen data layer indicating grid, lakes, rivers, towns, and roads. 
However, this method is laborious and inaccurate due to the lack of detail on the 
background map. Furthermore drawing tools in the model are not very user friendly, 
e.g. no provision is made for correcting mistakes and therefore a minor error can render 
a detailed drawing useless. Initially, this proved to be a barrier to the effective use of 
the model. To overcome this limitation, in 1997 the Produce Studies Group offered to 
digitise catchment maps f rom hand drawn hard copies. Consequently digital catchment 
area data were successfully loaded into the model. Catchment crop and land use data 
for the Northumbrian Water area were then processed for the years 1995/96, 1996/97 
and 1997/98. 
The risk assessment was carried out for surface water for all four Northumbrian Water 
catchment areas, Coquet, Tyne, Wear and Tees. However, only the Tees-Broken Scar 
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data are reported in detail for this study. The catchments were examined individually, 
for the 'top ten' active ingredients in use and the 'top ten' active ingredients for surface 
water risk (Table 5.6). These assessments were then consolidated into one suite of 
pesticides identified as 'used in significant amounts in Northumbrian Water catchment 
areas' and to be ' o f risk to surface water' (Table 5.7). Of the 19 active ingredients 
identified by this process eight, less than half, are included in the current Northumbrian 
Water and EA pesticide analysis suites. 
Northumbrian Water and EA archive data for the years 1996-1998 were examined and 
pesticides which were detected in significant concentrations, i.e. greater than 0.05 ug l " 1 , 
were identified (Table 5.8). In all, 28 pesticides were detected in the Northumbrian 
Water area during this period. Interestingly, f ive out of eight pesticides identified by 
the 'PESTVIEW' model, which were analysed for by Northumbrian Water or EA, were 
detected in samples f rom the Northumbrian Water area. 
However, the model did not identify the remaining 21 pesticides, which have been 
found in significant concentrations. Most notably the amenity pesticide, diuron, was 
not identified as a significant risk to water in the Broken Scar catchment (Table 5.6). 
Diuron has been the cause of most of the pesticide failures f rom Broken Scar during 
1997 and 1998 (Table 4.8). There is a facility within the model for the operator to 
change the 'amenity pesticide' weighting factor. The default setting is 100X that of 
agricultural pesticides, which is in line with the assessment predicted by White and 
Pinkstone (1993). However, when the weighting was changed to 1000X, to attempt to 
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Tables 5.6 'Pestview' load and risk assessment data for the Broken Sear 
catchment. Notable pesticide loads include isoproturon and chlormequat. 
Notable risks include fluroxypyr, MCPA and asulam. 
Load Surface water risk 
Isoproturon 
Chlormequat 
Mecoprop (CMPP) 
Sulphuric Acid 
Pendimethalin 
MCPA 
Fenpropimorph 
Chlorothalonil 
Fenpropidin 
Manzbceb 
Fluroxypyr 
MCPA 
Mecoprop (CMPP) 
Asulam 
Isoproturon 
Trichlppyr 
Benazolin 
Fenpropimorph 
Clopyralid 
Metaldehyde 
Notes: 
Sulphuric acid (or sulphate) is not included in the pesticide analysis; suite as it is 
not classed as a pesticide by regulation. The PCV for sulphate is 50 mg 1"1. 
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Table S.7 Pesticides identified by 'Pestview' as 'used or a risk to surface water' 
in the Northumbrian Water area. Of the 42% in the current Northumbrian Water 
(NW) sample program 75% have been detected in concentrations over 0.05 fig f 1 
during 1996 to 1998. 
In current NW _ 
. . ,. ,. Detected 
Active ingredient sampling % t o , 9 9 g ) 
program 
2,4 - DB Yes No 
Asulam No* No* 
Benazolin No 
Chlormequat No 
Chlorothalonil No 
Clopyralid No 
Fenpropidin No 
Fenpropimorph Yes No 
Fluroxypyr No 
Glyphosate No 
Isoproturon Yes Yes 
Maneb No 
MCPA Yes Yes 
MCPB Yes Yes 
Mecoprop (p and CMPP) Yes Yes 
Metaldehyde No 
Pendimethalin No 
Trichlopyr Yes Yes 
Trifluralin Yes No 
Proportion of pesticides in 
current NW monitoring 42 
program (%) 
Proportion of pesticides in 
current monitoring program, 
which were detected, 1996 
to 1998 (%) 
Note: 
* Asulam analysis is carried out as a routine 'operational' parameter during periods 
of highest risk, i.e. after bracken spraying. Asulam has not been detected in any 
sample during 1996- 1998. 
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Table 5^ 8 27 pesticides were detected in the Northumbrian Water area in significant 
concentrations by Northumbrian Water and E A , 1/1/96 to 31/12/98. 'Pestview' 
identified five of these pesticides to be in 'Top Ten' use or risk categories. 16 are in 
common use as amenity pesticides or sheep dips. 
Active ingredient 
Identified by 
' P E S T V I E W ' 
(1995-1998) 
Identified as a sheep dip or amenity 
pesticide 
2,4-D No Amenity 
Atrazine No Amenity 
Chlortoluron No 
Cypermethrin No Amenity/(sheep dip) 
Diazinon No sheep dip 
Dicamba No Amenity/(sheep dip) 
Dichlorprop No Amenity 
Dichlorvos No 
(Insecticide for mushroom and chicken 
houses) 
Diuron No Amenity 
Fenitrothion No 
Fenoprop No 
Isoproturon Yes 
Linuron No 
Malathion No Amenity 
MCPA Yes Amenity 
MCPB Yes 
Mecoprop Yes Amenity 
Methyl Parathion No 
Mevinphos No 
Pentachiorophenol No 
Propazine No Amenity 
Propetamphos No (Insecticide - Public Health) 
Propyzamide No Amenity 
Simazine No Amenity 
Triazophos No 
Triclopyr Yes Amenity 
Trietazine No 
Notes: 
Amenity Classification from 'Pestview' 
( ) From British Crop Protection Council, 1998 
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increase the diuron 'risk' scoring, no effect was observed. The diuron risk scoring did 
not change. This has been reported and verified as a fault in the model by 'Produce 
Studies Group' and they are carrying out investigations. 
A n attempt was made to investigate amenity pesticide use. However, this was not 
comprehensive as non-agricultural use of pesticides is considered to be commercially 
sensitive information and individual active ingredient loadings are protected within the 
'PESTVEEW' model. A total annual load of 447 kg of non-agricultural pesticides was 
estimated to be applied to Broken Scar catchment area, and this could be broken down 
into several different types of compounds (Figure 5.5). Phosphonic compounds, e.g. 
glyphosate, and urea compounds, e.g. diuron, accounted for 69% of the total load of 
non-agricultural compounds. A table of non-agricultural pesticides which are in use in 
England and Wales also exists within the model (Table 5.9). Importantly, 12 of the 
pesticides detected in the Northumbrian Water area during 1996 - 1998 are present on 
this list (Table 5.8). 
A further major shortfall of the risk assessment is the weighting of sheep dip chemicals. 
Use of these chemicals has been found to have significant effects on water quality 
(Chapter 3). Moreover, diazinon and cypermethrin have been detected in samples taken 
in the Northumbrian Water region by Northumbrian Water and the EA (Table 5.8). 
However, the model fails to identify them as a risk; this is probably due to the low 
quantities used and the model being predominantly an arable agricultural tool. The 
Northumbrian Water strategy, to include all sheep dip chemicals in the pesticide 
analysis suite, is therefore prudent. However, the model would be more effective for 
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Table 5.9 Classification of amenity pesticide type, e.g. 'Urea compounds' may be 
diuron or bromacil or any proportion of the two combined. 
Pesticide classification Examples of pesticide active ingredients within classification 
Phosphonic compounds glufosinate ammonium, glyphosate, glyphosate trimesium 
Urea compounds bromacil, diuron 
Benzoic Acids/Acetic 
acids/Phthalic bromoxynil, dicamba, dichlobenil, ioxynil 
compounds 
Phenoxy Compounds 2,4-D, dichlorprop, mecoprop, mecoprop-p, MCPA 
alloxydim-sodium, asulam, clopyralid, dalapon sodium, 
dichlorophen, fluroxypyr, imazapyr, isoxaben, propyzamide, 
picloram, triclopyr 
bupirimate, carbendazim, chlorothalonil, fenarimol, 
iprodione, oxycarboxin, propamocarb hydrochloride, 
quintozene, thiabendazole, thiophanate-methyl, triforene, 
vinclozolin 
ammonium sulphamate, ferrous sulphate 
carbaryl, chlorpyrifos, cresylic-acid, cypermethrin, demeton-S-
methyl, diazinon, dimethoate, gamma-HCH (lindane), 
malathion, metbiocarb, pyrethrins 
chlormequat, malaic hydrazide, mefluidide 
amitrole, simazine, diquat dibromide, paraquat dichloride 
Other Herbicides 
Fungicides 
Inorganics 
Insecticides 
Plant Growth 
Regulators 
Triazines and other 
Heterocyclic N 
Derivatives 
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this purpose i f a list of all sheep dip chemicals in use in each catchment could be 
produced, rather than attempting risk weighting. This may also be a more accurate 
methodology for predicting risk of non-agricultural pesticide use. A list of non-
agricultural active ingredients in use in each catchment without load data may not 
compromise the 'commercially sensitive' nature of this information. 
This initial investigation revealed the model to be useful for pesticide sprayed on to 
crops; amenity use risk assessment may require more work or a different approach. 
However, the true ability of the model to predict risk cannot be assessed until analysis 
is carried out for the pesticides which have been identified by 'PESTVIEW'. 
Inevitably without field confirmation there is the suspicion that the model results are 
spurious. "Field tests have the advantage of realism", which "mathematical models can 
never provide" (Suter, 1990). However, as the intensive field study carried out in 1995 
indicates, absence of pesticides in a field study may be due to many factors including 
weather, time of application and time of sampling. Furthermore, when the model was 
originally assessed in 1996 and 1997, i t was found to be flawed. The top agricultural 
pesticide in use during 1995-1996 was isoproturon. Isoproturon has caused many 
regulatory failures in the Northumbrian Water area but did not appeal* in the 'Top Ten' 
risk assessment for any catchment. This was clearly an error and was reported to 
'Produce Studies'. The model has now been corrected and the new calculations have 
been applied to the 3 years data included in this study. Therefore, an observation f rom 
this experience is that models should be used with caution and assessed with great care. 
Investigations must be carried out using all known data to verify and calibrate the 
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model predictions and an element of common sense must be applied; judgement cannot 
be left entirely to a model. 
5.5.5 Using ' P E S T V I E W ' to investigate pesticide use in the Broken Scar 
catchment 
To assess the investigative aspects of 'PESTVIEW' more closely the Tees catchment 
was examined. The 'Mapinfo ' GIS package was used to produce a pesticide load map 
(Figure 5.6). Total pesticides, expressed as "kg ha"1", shows clearly how pesticide use 
is concentrated in the lowland, eastern catchment area. Moreover, the location of the 
high risk areas of pesticide application close to the abstraction for drinking water may 
also aid explanation of the nature of pesticide failures. I f rainfall occurs over this part 
of the catchment, runoff w i l l not have a long travel time to the river, or f rom the point 
of entry to the river to the point of abstraction (Figure 5.6). I f rainfall has not occurred 
in the main catchment area then the river f low w i l l remain low. The combination of 
these two events w i l l cause pesticide in the runoff not to be greatly diluted by base 
f low, causing 'spikes' of high pesticide concentration in the river. This is entirely in 
agreement with the findings of the investigation into past pesticide data. Moreover, 
pesticides were simultaneously detected in the three lower becks in the catchment 
during the 1995 field survey (Chapter 4). The model's ability to produce these maps is 
important; the data are local to the catchment and easily interpreted. I f these data had 
been available at the beginning of this study, the field trials could possibly have been 
designed more effectively. However, when pesticide use during the 1995-survey is 
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Figure 5.6 'Pestview' thematic map of pesticide use (kg ha"1) in Broken Scar catch-
ment area, July 1997 to June 1998. Surface water drainage network shown in purple, 
parish boundaries shown in black. Pesticide use increases eastwards towards Broken 
Scar Water Treatment Works. 
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examined, the pesticides which were included in the study were in use in the catchment 
area (Table 5.10). Importantly, high loads of isoproturon were applied in October and 
November. However, the field study did not f ind any effects from these applications 
(Chapter 4). 
5.5.6 Investigating ' P E S T V I E W s assessment of risk on occasions when 
significant pesticide concentrations were found to be present in water from 
Broken Scar Water Treatment Works 
There were three occasions during 1995 to 1998 when significant concentrations of 
agricultural pesticide were found to be present in water treated at Broken Scar Water 
Treatment Works (Table 4.8). The active ingredient load and risk assessment f rom 
'PESTVIEW' were plotted with the monthly rain data f rom Broken Scar. The pesticide 
and rainfall are monthly and therefore of low resolution. However, they demonstrate a 
shortfall of 'PESTVIEW'. The 'spike' of each pesticide occurred, as Wauchope (1978) 
predicted, in the month when rainfall occurred after application (Figure 5.7). However, 
the risk as assessed by the model did not coincide. This anomaly is caused by rainfall 
data in the model, which is in the form of national average monthly values (Produce 
Studies, 1999) and spatial distribution of rainfall is not taken into account. Therefore, 
the current model is inapplicable at the local scale and cannot be assessed and 
calibrated using real pesticide events. Produce Studies are currently changing the 
model to allow input of local rainfall data; this function should be available wi th the 
1998/1999 season data (PESTVIEW, 1999). 
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Table 5.10 'Top Twenty' pesticides in use in Broken Scar catchment during 
the 1995 summer and survey period. Five of these pesticides (highlighted in 
red) were included in the survey. The highest pesticide load on the catchment 
was f rom isoproturon, which was applied in October and November. 
August September 
Sulphuric acid 327.1 Sulphuric acid 1003.5 
Mancozeb 65.4 Metazachlor 78.2 
Glyphosate 43.5 Tri-allate 62.4 
Glyphosate-trimesium 25.3 Isoproturon 46.5 
Maneb 14.8 Glyphosate 40 
Metazachlor 12.4 Chlorotoluron 36.7 
2-4-DB 9.3 Trifluralin 31.9 
Fentin acetate 6.4 Metaldehyde 25.9 
Fentin hydroxide 6.1 Pendimethalin 21.3 
Glufosinate ammonium 3.1 Terbutryn 9.3 
Chlorothalonil 2.7 Methabenzthiazuron 8.8 
Diquat dibromide 2.5 Methiocarb 7 
Fluazinam 2.2 Mancozeb 6.4 
Metaldehyde 1.9 Chlorpyrifos 6,3 
MCPA 1.7 Fentin hydroxide 6.3 
Trifluralin 1.7 Paraquat dichloride 6,1 
Pirimicarb 1.7 Diquat dibromide 4.9 
Benazolin 1.1 Simazine 4.2 
Cymoxanil 1.1 Glyphosate-trimesium 3.8 
Chlorpyrifos 0.4 Fentin acetate 3.7 
October November 
Isoproturon 1652.3 Isoproturon 1710.6 
Pendimethalin 484.9 Pendimethalin 188.8 
Tri-allate 197 Trifluralin 168.4 
Mecoprop (CMPP) 133.1 Chlorotoluron 135.5 
Trifluralin 116.9 Mecoprop (CMPP) 121.8 
Chlorotoluron 102.5 Propyzamide 73.4 
Mecoprop-P 77.9 Diflufenican 42.5 
Diflufenican 40.5 Tri-allate 21.6 
Simazine 33.4 Simazine 20.3 
Propyzamide 30.4 Cypermethrin 20.3 
Glyphosate 27.4 Carbetamide 13.3 
Metazachlor 24.7 Bromoxynil 11 
Cypermethrin 23.4 Cyanazine 9.6 
Glyphosate-trimesium 20.8 Diclofop-methyl 9 
2-4-DB 20.4 Chlormequat 8.7 
Benazolin 12.2 Ioxynil 8.7 
Terbutryn 11.8 Benazolin 8.5 
Carbetamide 11.2 Chlorpyrifos 7.9 
MCPA 10.5 Mecoprop-P 6.2 
Metaldehyde 10.4 Carbendazim 6.2 
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5.5.7 Investigating trends in pesticide use in the Broken Scar catchment 
To assess the model's ability to monitor change of pesticide practices and formulations, 
pesticide use in the Broken Scar catchment over the three years was examined for 
trends. The total load of pesticide on to the catchment increased in each year of the 3-
year study period. However, when total pesticide load was plotted on to the pesticide 
present and failure events figure from Chapter 4, there was no relationship evident 
between annual pesticide load and pesticides detected in samples (Figure 5.8). 'Top 
Ten' agricultural active ingredient loads were compared for the three years (Table 
5.10a, b, and c). When individual pesticide loads are examined some trends are evident. 
There was a marked increase in MCPA and 2,4 - DB use (Figure 5.9). Individual 
pesticide risk ratings also indicate significant changes in pesticide use. The risk of 
asulam and metaldehyde failing PCV has increased significantly from previous years 
(Table 5.1 la, b, and c). When annual loading is investigated i t is apparent that the use 
of asulam has increased by an order of magnitude each year and the use of metaldehyde 
remained stable during the 95/96 and 96/97 seasons and then increased significantly in 
the 97/98 season (Figure 5.10). 
5.6 ' P E S T V I E W ' assessment: conclusions 
'PESTVIEW' was found to be a useful tool for investigating agricultural pesticide use 
in catchments. The pesticide load data were local and are updated regularly. It can be 
used to target sampling campaigns in a more effective manner. However, 
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Tables 5.11a, b and c Pesticide use in River Tees, Broken Scar, 
catchment (a 1995/6; b 1996/7; c 1997/8). The load of individual and total 
pesticides has increased throughout the three year survey period. 
Pestview - Top Ten (1995/6) 
Active ingredient Load (kg) Surface water risk Risk (%) 
Isoproturon 4448 Fluroxypyr 100 
Chlormequat 3172 Fenpropimorph 29 
Mecoprop (CMPP) 1734 Ethophon 24 
Sulphuric Acid 1331 Fenpropidin 22 
Pendimethalin 767 Isoproturon 15 
MCPA 761 Trichlopyr 13 
Fenpropimorph 531 Maneb 12 
Chlorothalonil 494 Benazolin 7.0 
Fenpropidin 490 Clopyralid 6.8 
Manzoceb 451 Mecoprop (CMPP) 5.6 
Total pesticide load 20,163 
Pestview - Top Ten (1996/7) 
Active ingredient Load(kg) Surface water risk Risk(%) 
Sulphuric Acid 8952 Triclopyr 100 
Isoproturon 3762 Fluroxypyr 61 
Chlormequat 2867 Isoproturon 28 
MCPA 1804 Fenpropidin 25 
Mecoprop (CMPP) 1605 Maneb 24 
Pendimethalin 870 Fenpropimorph 21 
Glyphosate 707 Benazolin 9.4 
Manzoceb 696 Ethophon 9.4 
Fenpropimorph 557 MCPA 7.6 
Fenpropidin 514 Clopyralid 4.2 
Total pesticide load 29,130 
Pestview - Top Ten (1997/8) 
Active ingredient Load (kg) Surface water risk Risk (%) 
Sulphuric Acid 6039 Fluroxypyr 100 
MCPA 4771 MCPA 74 
Isoproturon 4629 Mecoprop (CMPP) 68 
Mecoprop (CMPP) 4498 Asulam 66 
Chlormequat 3295 Isoproturon 52 
2,4-DB 1978 Triclopyr 52 
Pendimethalin 948 Benazolin 26 
Mecoprop - p 761 Fenpropimorph 19 
Manzoceb 621 Clopyralid 19 
Glyphosate 584 Metaldehyde 17 
Total pesticide load 35,565 
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'PESTVIEW' is not a ' live database'; there are no 'real time' features. A major 
limitation of the system is that, at best, the model can only 'predict' what happened last 
year. To create a live system would require input of 'real time' pesticide and weather 
data. The possibility that 'PESTVIEW' could be used to predict when failures may 
occur cannot be assessed until local rain data are used in the model. Therefore, more 
work is required on the risk model; rain data must be more local to allow calibration of 
the model. 
It seems unlikely that the model w i l l be calibrated with individual data as Haith (1980), 
who designed the model, stated that it did not accurately predict individual events. 
Notwithstanding, Eke et al. (1996) reported that POPPIE (Prediction Of Pesticide 
Pollution in the Environment), which is currently being developed by the EA and is 
using similar data to 'PESTVIEW', was under development. As POPPIE has been 
designed to be a predictive model, this may prove to be an improvement over 
'PESTVIEW'. 
There are several factors which bring the significance of the runoff model into question. 
The most important factor is that it treats the catchment as a homogenous area. 
However, large catchments are unlikely to have a synchronous response to rainfall. 
Moreover, the past pesticide data (Chapter 4) demonstrated, to some degree, that 
'spikes' of pesticides occurred in tributary runoff, which entered the river and did not 
significantly affect the main river f low. Furthermore, the spatial variation of the 
pesticide loading must be important. In the Broken Scar catchment most of the 
pesticide is applied in the nearby catchment, close to the main body of the river (Figure 
5.6). This does not allow time for pesticide to break down before it reaches the river or 
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the 'spikes' to be mixed with the body of the river. Another important factor is that a 
high proportion of failures is attributed to pesticides which are not adequately assessed 
by the model. Amenity pesticides have been reported to account for a high proportion 
of drinking water failures (White and Pinkstone, 1993; Department of the Environment, 
1994c); this study identified that amenity pesticides probably accounted for 35% of the 
pesticide-positive samples (Chapter 4). 
Another fundamental factor is point-source pollution. ENDS (1999b) recently reported 
on interesting research in the River Cherwell (tributary of the River Thames) 
catchment, which has found significant point-source pollution f rom routine farm 
procedures, e.g. washing of spray-tractor wheels in the farmyard. The research 
predicted that "over half of pesticides in water may come from "farmyard" sources" 
(ENDS, 1999b p9). 
Therefore, i f 50% of pesticide failures can be attributed to agricultural point-source 
incidents (ENDS 1999b), and a further high proportion of failures are caused by 
amenity use (White and Pinkstone, 1993; Department of the Environment, 1994c), and 
diffuse pollution is mainly in first rainfall after pesticide application, then the model 
may be focussing on the wrong variables. Possibly a more useful risk assessment 
would primarily place emphasis on pesticides which are being used in the catchment 
and whether they are in use for agriculture or amenity purposes. There should also be a 
soil risk assessment to check for the possibility of cracking clays or very porous sandy 
soil. Even then only local rainfall data and runoff estimates for each individual part of 
the catchment could provide a comprehensive assessment of risk in a large catchment. 
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Chapter 6 
Conclusions and Recommendations for Further Work 
Rachel Carson in her book Silent Spring (1962) condemned the indiscriminate use of 
pesticides. Prior to publication of this book there was widespread ignorance of the 
short and long-term effects of pesticides in the environment. Public opinion now 
demands safe use of environmental chemicals and that there should be no pesticides in 
food or drinking water (Chapter 1). 
6.1 Pesticide data 
Data to assess pesticide contamination and impact on humans and the environment are 
generally not available. This is partly due to the sensitivity of the subject; 
manufacturers and users are reluctant to declare their pesticide use. However, the main 
cause of the unavailability of data is due to lack of monitoring. The Department of the 
Environment (1996b) reported that monitoring is not generally carried out for many of 
the top pesticides in use. Furthermore, they reported that the lack of monitoring was 
due to the fact that analysis methods have not been developed for many of these 
compounds. This study therefore had ambitious goals. The objectives, given the state 
of present knowledge, to assess pesticide use in Broken Scar catchment and to use this 
information to predict pesticide impact on drinking water were a little over-ambitious. 
Nevertheless, the study has provided a first attempt at understanding and monitoring 
pesticide fate in a large river catchment. 
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A major factor in improving public perception is the availability of information. Data 
on pesticide residues, particularly fungicides and glyphosate, in food and water are not 
currently available. Glyphosate is the pesticide used on genetically modified crops; the 
'safety' debate is currently concentrating on the threat of genetic material. Pearce and 
Mackenzie (1999) have recently reported research which has found increased cancer 
rates in people who have been exposed to MCPA, fungicides and glyphosate. Their 
report also states that the use of glyphosate "is likely to rocket with the introduction of 
crops, Roundup-Ready soya beans that are genetically modified to resist glyphosate." 
Glyphosate has been marketed for years as a 'safe', 'designer' pesticide, which is non-
mobile. I f reports of links with cancer were to appear in the media, and the lack of data 
was to become apparent, then glyphosate might become unmarketable due to public 
opinion. It is therefore very much in the agrochemical industry's interest to fund 
research into robust pesticide analysis methods prior to world-wide marketing of their 
products. 
6.2 Pesticides in the Broken Scar catchment 
Review of the literature, historical data f rom Environment Agency and Northumbrian 
Water, 'Pestview' 1994 - 1998, and data f rom the 1995 field study were used to reach 
an understanding of how and when pesticide failure might occur. Pesticide failure in 
water f rom Broken Scar Treatment Works was found to be f rom two primary sources, 
agricultural and amenity pesticide use (Chapter 3). 
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Agricultural pesticides 
When rainfall and river discharge data were assessed, 82% of agricultural pesticide-
present events were found to occur during runoff (18% may have been due to point-
source pollution). The field study, carried out in 1995, provided important data which 
could be used to predict the conditions required for pesticide failure. Simultaneous 
pesticide contamination was found in becks in the lower part of the catchment, a classic 
indication of diffuse source pollution. A significant level of pesticide was found in a 
sample f rom a customer's tap during the survey and was found to have been probably 
due to a 'spike' of high pesticide concentration, probably on the rising l imb or at the 
peak of the river hydrograph. 
Amenity pesticides 
Before this study was undertaken it was believed that the Broken Scar catchment, due 
to its rural nature, was unlikely to have an amenity pesticide problem. However, the 
pesticide failure and 'pesticide present' events indicate that a high proportion (35%) of 
pesticide-present events originate f rom a non-agricultural source (Chapter 4). A field 
survey of the two suspected sources, the A l motorway and the A167 road, is currently 
in progress. 
6.3 Treatment strategy at Broken Scar 
Treatment strategies, to reduce risk of failure, have been initiated during the period of 
the study. A n extra treatment chemical, Powdered Activated Carbon (PAC), was 
introduced at Broken Scar in 1995. PAC was dosed when the risk of pesticide failure 
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was thought to be high, i.e. when the river f low was high. The strategy was partially 
successful (Chapter 4) and w i l l be further refined by dosing when the river level is 
rising. However, due to the amenity and point-source pesticide failures, it may become 
necessary to include a Granular Activated Carbon filtration stage at Broken Scar. The 
installing of PAC dosing was also a factor which influenced the data analysis as treated 
water samples taken during floods, after 1996, w i l l have been collected while PAC 
treatment was being used (Chapter 4). 
6.4 Available pesticide data - 'Pestview' 
'Pestview' was found to be a useful tool for catchment investigation of pesticide use. 
The agricultural pesticide data were detailed; however, manipulation of the data within 
the model was sometimes diff icult . The risk model was found to be useful for 
agricultural pesticides; however, more work must be carried out and the facility to input 
local rainfall data must be added before the model is fu l l y proven. Recent studies have 
shown that a high proportion of apparently diffuse-source pesticide pollution may be 
f rom contamination due to poor handling techniques, small droplets fall ing f rom 
'empty containers' and tractor washing in the farmyard. This type of 'point-source' 
pollution is seen in the first rainfall after spraying and therefore may have been 
categorised as 'diffuse ' by this and many other studies. Therefore, all pesticides which 
are used in large quantities are probably a risk to surface water whether they are 
classified as mobile or not. 
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'Pestview' failed to provide a suitable risk assessment for amenity pesticide and sheep 
dip use. The marketers, 'Produce Studies Limited ' , are unable to provide information 
of the same detail as that f rom agricultural use. The lack of amenity pesticide 
information is extremely frustrating. Farmers must provide M A F F with information of 
their pesticide use to be eligible for grants. However, no such mechanism exists with 
amenity use and information is 'closely guarded' by the manufacturers. This cannot 
help but appear sinister: when public health is at risk this information should surely be 
provided. 
When choosing pesticides to be included in monitoring strategies point-source pesticide 
contamination must be considered alongside amenity pesticide and sheep dip use 
problems. This then questions the need for pesticide fate models to determine a diffuse 
source risk. I f pesticides are in use then they already pose a point-source risk and are 
likely to present in surface water. Risk should therefore be determined by quantity 
applied rather than properties of individual pesticides. 
6.5 The new Northumbrian Water pesticide sampling and analysis strategy 
The regulatory monitoring programme w i l l be carried out at the frequencies detailed in 
The Water Supply (Water Quality) Regulations, 1989, i.e. each treatment works w i l l be 
sampled at a frequency of four times per year. Where appropriate (the choice of 
sampling point lies with Northumbrian water), regulatory monitoring may be carried 
out on supply points as suggested in the Council Directive (Statutory Instruments, 
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1998b). This is an important change in sampling procedure; previous sampling 
programmes were generally carried out from customers' taps. 
The three main advantages to sampling from supply points are: (a) There will be a 
reduction of 74% in the number of samples required for regulatory sampling, (b) It 
will be possible to attribute regulatory failure to a single works and point in time, 
enabling a more effective investigation, (c) Contamination of samples by the 
customers' domestic plumbing systems will be eliminated. 
The principal disadvantage of sampling from supply points is the risk that a single 
pesticide failure could affect regulatory compliance by up to 0.013%, increasing to 
0.026% if the sample also fails on total pesticide, compared to the present 0.0005% and 
0.001%. This is due to a failure from a supply point counting as a simultaneous failure 
in every supply zone supplied by the treatment works. Therefore, one failure at Broken 
Scar would count as 35 failures in the compliance statistics. This is a significant risk 
for the company as these statistics are used to judge performance; therefore the benefits 
of this must be carefully weighed against the risk of reduced compliance. 
6.5.1 Monitoring suite 
The 'Proposal for a Council Directive' (Commission of the European Communities, 
1995) states "There is little value in analysing frequently to confirm that a parameter 
not expected to be present cannot be detected" as a guiding principle. Therefore the 
pesticide-monitoring suite will comprise: 
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(a) Pesticides which are used or supplied in the catchment. These will include 
pesticides which are used the most, i.e. highest quantity. The load information 
will be evaluated using 'Pestview'. 
(b) Pesticides which are of risk to surface water. Information on usage will be 
considered along with persistence and mobility data, which will be evaluated 
with the use of 'Pestview'. Al l compounds used in sheep dip preparations and 
all amenity pesticides which are believed to be used in the catchment. 
(c) Pesticides which have been found to be present in the previous three years, 
using data from both Northumbrian Water and Environment Agency. 
Non-regulatory monitoring will be carried out to provide data to facilitate further 
investigation of catchment areas. Raw water will be monitored at abstraction points 
quarterly for the ful l pesticide suite. The raw water monitoring will be synchronised 
with the regulatory final sampling to ensure that all raw and final samples from a 
catchment area are taken on the same day. This will provide useful information for 
pesticide studies. In addition, there will be targeted monitoring. Intensive monitoring 
of some raw waters after heavy rain for 'key' pesticides is needed, e.g. diuron. Weekly 
monitoring at relevant sites will be carried out for compounds used in sheep dip 
preparations during the two main periods of use, i.e. May, June and October, November 
(Health and Safety Executive, 97). Monitoring for bracken spraying chemicals will be 
carried out weekly from the period of application until the week following the first 
significant rainfall. Intensive monitoring of river catchments after heavy rain for 'key' 
pesticides is also needed. 
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6.6 Pesticide regulation 
Regulation generally moves slowly; however, during the period of the study there has 
been some advancement in key areas of catchment protection and control of pesticide 
use. One area where there has been no advances is the registration of new pesticides. 
Catchment protection: 
The debate over water treatment versus catchment protection has recently swung more 
to the catchment protection lobby as the costs of treatment to remove pesticides from 
drinking water are becoming apparent. An indication of the direction the EEC may 
move is in the publication of the Surface Waters (Dangerous Substances) 
(Classification) Regulations and the Groundwater Regulations (Statutory Instruments, 
1998a and 1998c). The aim of the surface water regulations is to reduce "pollution of 
those waters by the dangerous substances listed in the Schedules". However, although 
some pesticides are named in the schedule of the Surface Waters Regulations (Table 
6.1), the limits laid down are not consistent with the drinking water regulation limits for 
these substances. In one case, bentazone, the surface water limit is 5000 times the 
drinking water limit. This is because the surface water limits are based on toxicity to 
the environment and do not consider abstraction for drinking water. The Groundwater 
Regulations are more stringent and serve to protect groundwater from hazardous 
substances, e.g. sheep dips disposed into soakaways and petrol spillage from filling 
stations. They are also more generic in the terms used, i.e. biocides and their 
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Table 6.1 There are disparities between surface water, groundwater and drinking 
water regulations when comparing their pesticide limits. Surface water regulations 
set environmentally based limits, drinking water and groundwater regulations set 
zero or surrogate zero limits. 
Dangerous substance 
Regulatory Drinking water 
limit (u.g 1") regulatory limit (ng 1" ) 
Surface Water Regulations (1998): 
2.4-D (ester) 
2,4-D (non-ester) 
Bentazone 
Benzene 
Demeton 
Dimethoate 
Linuron 
Mecoprop 
Omethoate 
Toluene 
Triazophos 
1.000 
40.000 
500.000 
30.000 
0.500 
1.000 
2.000 
20.000 
0.010 
50.000 
0.005 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
Groundwater Regulations (1998): 
List 1: Substances, which are not low zero 
risk of toxicity, persistence and 
bioaccumulation 
Organophosphorous compounds, e.g. zero 
diazinon 
Organotin compounds zero 
Carcinogenic, mutagenic or teratogenic zero 
substances, e.g. DDT, PCB's 
0.1 
List 2: Biocides which are not on 'List 
1', e.g. pesticides 
zero 0.1 
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derivatives (Table 6.1); therefore, all pesticides are automatically included though they 
are not, apart from organophosphorous and organotin compounds, mentioned 
individually. 
Pesticide practices: 
The major improvement in regulation of pesticide practices is the publication of Local 
Environmental Risk Assessments for Pesticides (LERAP), which will require farmers 
to carry out risk assessment prior to pesticide application (Advisory Committee on 
Pesticides, 1998). The main disadvantage of the new regulation is that no reference to 
water abstraction for drinking purposes is included in the risk assessment. Moreover, 
many herbicides, which currently cause failure in drinking water, e.g. isoproturon and 
MCPA, will not be covered by the risk assessment, as they do not require buffer zones. 
Intensive monitoring of river catchments after heavy rain for 'key' pesticides is also 
needed. 
Draft regulations to strengthen the requirement for agricultural pesticide users to hold 
certification of competence have recently been issued for consultation (ENDS, 1999d). 
The proposed regulation is welcome, as there is also a commitment to broaden public 
access to "study reports" on products used for "commercial use". The regulation does 
not include the requirement for certification of competence for amenity pesticide users 
and does not give a commitment to the provision of amenity pesticide data (Pesticides 
Safety Directorate, 1999). 
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Pesticide authorisation: 
Authorisation of new pesticides was made subject to European Community legislation 
in 1991 (Statutory Instruments, 1991b). "The purpose of the Directive on pesticide 
registration was to create a harmonised European Community system for authorising 
pesticide active ingredients and products based on evaluation of their efficacy and risks 
to human health and the environment" (ENDS, 1996e p45). However, only two 
substances have been entered onto the European Commission's approved pesticide list 
since the Directive was made. ENDS (1998) reported growing dissatisfaction with the 
slow pace of authorisation. The delay of registration of new compounds may be 
detrimental to the environment as 'new' formulations are designed to be more efficient 
and less persistent and toxic: therefore they should be less damaging to the environment 
than the 'old' pesticides they replace. 
Hough (1998) reported that the Directive was annulled in 1997 due to an error in the 
interpretation of the 1991 Groundwater Directive and had become "an unfortunate 
victim of internal squabbling". However, Hough (1998) sees this as an opportunity to 
implement tighter testing standards. He points out that Austria, Finland and Sweden, 
countries with renowned environmental and safety standards, have joined the EEC 
since 1991. In addition to the political changes, many studies have been carried out on 
the environmental fate of pesticides since 1991 and this work can also be taken into 
consideration when introducing new legislation. Consideration should also be made of 
the need for water companies to comply with drinking water legislation. The 
Department of the Environment (1996b) recommended that one of the requirements for 
the approval for use should be the provision of an analysis method, suitable for both 
drinking water and environmental quality standards by the manufacturer. Hough 
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(1998) also states that one of the key means of implementing safety measures on 
pesticides is through the standardising of labelling and advertising information. This 
entirely agrees with OECD (1997) findings, that farmers were more likely to take 
advice from agricultural advisors and product labels than from guidance literature and 
statutory instruments, i.e. that advice must be targeted at the point of use. 
Therefore, the main conclusions of the study are as follows. First, public opinion 
demands that there are no detectable pesticides in food or drinking water. To improve 
public perception of safety and to comply with public demand, more relevant 
monitoring, i.e. for the pesticides actually in use, must be carried out. Pesticides in the 
Broken Scar catchment were found to be from two primary sources, agriculture and 
amenity, i.e. roads. 82% of pesticide incidents may be due to diffuse agricultural 
pollution as they occur in runoff. However, this must be tempered with new study 
information from the Cherwell (ENDS, 1999b), which indicates that some 'diffuse' 
pollution may actually be from many simultaneous minor 'point-sources', e.g. drips 
from spray equipment. 12% of pesticide incidents may be from 'point-source' as they 
did not occur during runoff events. Amenity pesticide use in the catchment is 
important as it accounted for 35% of the pesticide-present events in the data study. The 
treatment strategy at Broken Scar could be improved to remove most 'diffuse' pesticide 
events by triggering PAC dosing on the rising limb of storm hydrograph, but no 
relationship between river flow and diffuse or amenity pesticide use could be clearly 
established. 
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'Pestview' was found to be a useful tool for determining arable pesticide use in 
catchments. However, the risk model could not be fully assessed or implemented at a 
local-scale. The model was not useful for amenity pesticides or sheep dip chemicals. 
The new Northumbrian Water sampling and analysis strategy will address some of the 
shortfalls in pesticide data in the Northumbrian area. The analysis suite wil l be 
extended where possible to include chemicals in use in the catchments, e.g. glyphosate. 
Operational monitoring will be targeted towards times when pesticides are in use, e.g. 
sheep dipping, bracken spraying. Where possible, monitoring wil l be carried out at 
'supply points' to facilitate future investigation of failure. 
Some improvements have been made to surface water and pesticide regulation, 
However, there seems to be little heed taken of the needs of the drinking water 
industry. Pesticide removal is expensive and inefficient. When catchments are as 
generally free from pollution as Broken Scar, the option to improve pesticide 
application practices must be the more suitable and cheaper alternative. 
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Appendix I 
Farming and pesticides 
Examples of regulations involving the effects of agriculture. 
Examples of acronyms of committees and groups that cover 
pesticide use in their terms of reference (from: Department of 
the Environment, 1996b). 
Examples of codes of practice and guidance notes available to 
farmers. 
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Appendix II 
Pesticide data 
Northumbrian Water pesticide analysis suite 1995. 
1995-Survey analysis suite. 
Northumbrian Water proposed pesticide analysis suite 
2000. 
Brief descriptions of AES analysis methods: 
A.6 
Pesticides included in study. All samples were analysed for acid herbicides 
and urons as these were the pesticides associated with 'failures'. A limited 
number of samples were analysed for ' fu l l ' pesticides. 
Active ingredient Limit of detection (ug 1"') PCV ( u g l 1 ) 
Acid herbicides 
Bromoxynil 0.01 0.1 
Ioxynil 0.01 0.1 
2,4-D 0.01 0.1 
Mecoprop 0.01 0.1 
MCPA 0.01 0.1 
MCPB 0.01 0.1 
Trichlopyr 0.01 0.1 
Propyzamide 0.01 0.1 
Dichlorprop 0.01 0.1 
Neutral herbicides 
Simazine 0.01 0.1 
Atrazine 0.01 0.1 
Chlortoluron (Uron) 0.01 0.1 
Isoproturon (Uron) 0.01 0.1 
Linuron (Uron) 0.01 0.1 
Organo - phosphorus pesticides 
Dichlorvos 0.01 0.1 
Propetamphos 0.01 0.1 
Diazinon 0.01 0.1 
Fenitrothion 0.01 0.1 
Malathion 0.01 0.1 
Chlorfenvinphos 0.01 0.1 
Azinphos - methyl 0.01 0.1 
Dimethoate 0.01 0.1 
Organo - chlorine pesticides 
Hexachlorobenzene 0.01 0.1 
apha - BHC 0.01 0.1 
beta - BHC 0.01 0.1 
gamma - BHC 0.01 0.1 
Aldrin 0.01 0.03 
Dieldrin 0.01 0.03 
Endrin 0.01 0.1 
p,p DDE 0.01 0.1 
o,p TDE 0.01 0.1 
p,p TDE 0.01 0.1 
o,p DDT 0.01 0.1 
p,p DDT 0.01 0.1 
Trifluralin 0.01 0.1 
A - Endosulphan 0.01 0.1 
B - Endosulphan 0.01 0.1 
Total pesticides 0.01 0.5 
Unclassified data - full suite analysis 
Date 
sampled 
Time „. 
1 A S L T E sampled 
Date water entered 
treatment process 
Time water entered 
treatment process (GMT) 
Number of rising limb 
events in the relevant 12 
hour period 
I3-Oct-94 10:00 Darlington South 12-Oct-94 23:00 0 
12-Apr-94 9:25 Darlington South U-Apr-94 22:35 0 
13-Jan-94 10:05 Darlington South 13-Jan-94 0:05 2 
6-Oct-94 9:45 Darlington North 5-Oct-94 20:45 1 
23-Nov-95 10:45 Darlington North 23-Nov-95 22:45 0 
27-Jul-95 8:50 Darlington North 26-Jul-95 19:50 0 
8-Jun-95 8:50 Darlington North 7-Jun-95 19:50 1 
9-Feb-95 10:45 Darlington South 9-Feb-95 0:45 0 
l-Jun-95 8:45 Darlington South 31-May-95 21:50 0 
2-Mar-95 8:30 River Tees 8:30 0 
21-Sep-95 10:05 River Tees 9:05 0 
16-Nov-95 10:00 River Tees 10:00 1 
9-May-96 11:05 Darlington South 9-May-96 0:05 0 
14-Feb-96 9:45 Darlington South 13-Feb-96 23:45 0 
ll-Feb-96 12:30 Darlington North l-Feb-96 0:30 0 
2-Apr-96 9:40 Darlington North l-Apr-96 22:40 0 
13-Jan-97 11:25 Broken Scar Final 13-Jan-97 3:25 0 
2-Apr-98 9:10 River Tees 8:10 0 
29-Jan-98 12:00 Darlington North 29-Jan-98 0:00 0 
14-Sep-97 11:25 Darlington South 14-Sep-97 0:25 0 
29-Feb-96 10:00 River Tees 10:00 1 
28-May-98 11:20 Darlington South 28-May-98 0:20 0 
Darlington North 20-May-98 21:30 0 
Darlington North 29-Jul-98 22:15 1 
Darlington North 23-Sep-98 22:30 0 
Darlington South 27-May-98 22:20 0 
28-Oct-94 8:30 Broken Scar Final 0:30 0 
2-Mar-95 8:25 Broken Scar Final 0:25 0 
14-Jun-96 13:15 Broken Scar Final 4:15 0 
8-Dec-97 14:15 Broken Scar Final 6:15 0 
l6-Apr-98 10:45 Broken Scar Final 1:45 0 
14-May-98 10:55 Broken Scar Final 1:55 0 
20-Jan-94 11:35 Darlington North 19-Jan-94 23:35 0 
4-Feb-94 9:55 Darlington North 3-Feb-94 21:55 1 
15-Feb-94 10:30 Darlington North 14-Feb-94 22:30 1 
3-Mar-94 12:05 Darlington North 0:05 0 
17-Mar-94 9:10 Darlington North 16-Mar-94 21:10 0 
8-Apr-94 10:10 Darlington North 7-Apr-94 21:00 2 
5-May-94 14:05 Darlington North 1:05 0 
19-May-94 9:50 Darlington North 18-May-94 20:50 1 
l-Jun-94 10:15 Darlington North 31-May-94 19:15 0 
14-Jun-94 14:50 Darlington North 1:50 0 
29-Jun-94 9:20 Darlington North 28-Jun-94 20:20 0 
28-Jul-94 9:45 Darlington North 27-Jul-94 20:45 1 
10-Aug-94 11:30 Darlington North 9-Aug-94 22:30 1 
25-Aug-94 9:40 Darlington North 24-Aug-94 20:40 0 
7-Sep-94 9:20 Darlington North 6-Sep-94 20:20 0 
22-Sep-94 8:30 Darlington North 21-Sep-94 19:30 2 
19-Oct-94 9:30 Darlington North 18-Oct-94 20:30 0 
24-Oct-94 10:48 Darlington North 23-Oct-94 21:48 0 
3-Nov-94 11:35 Darlington North 2-Nov-94 23:35 0 
l4-Nov-94 11:45 Darlington North 13-Nov-94 23:45 3 
30-Nov-94 10:30 Darlington North 29-Nov-94 22:30 0 
12-Dec-94 9:30 Darlington North ll-Dec-94 21:30 3 
16-Dec-94 12:05 Darlington North 0:05 0 
19-Jan-95 11:25 Darlington North 18-Jan-95 23:25 0 
2-Mar-95 9:20 Darlington North l-Mar-95 21:20 0 
14-Mar-95 8:25 Darlington North 13-Mar-95 20:25 0 
13-Apr-95 9:15 Darlington North l2-Apr-95 19:25 0 
27-Apr-95 11:10 Darlington North 26-Apr-95 22:10 0 
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ll-May-95 12:15 Darlington North 10-May-95 23:15 0 
22-Jun-95 10:45 Darlington North 21-Jun-95 21:45 0 
13-Jul-95 9:45 Darlington North 12-Jul-95 20:45 0 
lO-Aug-95 10:30 Darlington North 9-Aug-95 21:30 0 
l-Sep-95 8:20 Darlington North 3l-Aug-95 19:20 0 
14-Sep-95 9:50 Darlington North 13-Sep-95 20:50 0 
12-Oct-95 11:20 Darlington North ll-Oct-95 22:20 0 
9-Nov-95 12:20 Darlington North 0:20 0 
7-Dec-95 10:35 Darlington North 6-Dec-95 22:35 0 
14-Dec-95 8:45 Darlington North 13-Dec-95 20:45 2 
9-Jan-96 11:10 Darlington North 8-Jan-96 23:10 1 
9-Jan-96 13:15 Darlington North 1:15 1 
14-Feb-96 10:30 Darlington North l3-Feb-96 22:30 0 
5-Mar-96 11:40 Darlington North 4-Mar-96 23:40 0 
21-Mar-96 11:05 Darlington North 20-Mar-96 23:05 0 
18-Apr-96 12:40 Darlington North 17-Apr-96 23:40 1 
2-May-96 9:00 Darlington North l-May-96 20:00 1 
16-May-96 9:55 Darlington North 15-May-96 20:55 1 
6-Jun-96 10:00 Darlington North 5-Jun-96 21:00 0 
13-Jun-96 11:15 Darlington North 12-Jun-96 22:15 1 
4-Jul-96 11:00 Darlington North 3-M-96 22:00 1 
22-Jul-96 13:45 Darlington North 0:45 0 
19-Aug-96 12:00 Darlington North 18-Aug-96 23:00 0 
2-Sep-96 11:55 Darlington North l-Sep-96 22:35 1 
12-Sep-96 11:20 Darlington North ll-Sep-96 22:20 0 
16-Sep-96 10:00 Darlington North 15-Sep-96 21:00 0 
17-Sep-96 11:30 Darlington North 16-Sep-96 22:30 0 
23-Sep-96 11:15 Darlington North 22-Sep-96 22:15 0 
21-Oct-96 12:10 Darlington North 21-Oct-96 23:10 0 
4-Nov-96 11:40 Darlington North 3-Nov-96 23:40 2 
l8-Nov-96 11:30 Darlington North 17-Nov-96 23:30 0 
2-Dec-96 11:05 Darlington North l-Dec-96 23:05 1 
17-Dec-96 10:55 Darlington North 16-Dec-96 22:55 0 
17-Dec-96 12:15 Darlington North 0:15 0 
2I-May-98 10:30 Darlington North 20-May-98 21:30 0 
5-Jun-98 10:10 Darlington North 4-Jun-98 21:10 0 
2-Mar-95 8:30 River Tees 8:30 0 
6-Jun-95 13:00 River Tees 12:00 0 
6-Jul-95 8:50 River Tees 7:50 0 
14-Jun-96 13:15 River Tees 12:15 0 
24-Sep-96 9:10 River Tees 8:10 0 
I4-May-98 10:45 River Tees 9:45 0 
8-Feb-94 11:00 Darlington South 1:00 0 
10-Mar-94 10:40 Darlington South 0:40 0 
12-May-94 10:40 Darlington South ll-May-94 23:40 0 
9-Jun-94 10:10 Darlington South 8-Jun-94 23:10 0 
4-Aug-94 11:00 Darlington South 0:00 2 
2-Sep-94 10:05 Darlington South l-Sep-94 23:05 0 
24-Oct-94 11:52 Darlington South 0:52 0 
16-Dec-94 11:55 Darlington South 1:55 0 
22-Jan-95 9:25 Darlington South 21-Jan-95 23:25 1 
2-Mar-95 8:55 Darlington South l-Mar-95 22:55 0 
9-Mar-95 10:15 Darlington South 0:15 0 
6-Apr-95 11:35 Darlington South 0:35 1 
4-May-95 8:45 Darlington South 3-May-95 21:45 0 
6-Jul-95 9:15 Darlington South 5-Jul-95 23:15 0 
3-Aug-95 11:15 Darlington South 0:15 0 
2-Nov-95 8:45 Darlington South l-Nov-95 22:45 0 
30-Nov-95 9:30 Darlington South 29-Nov-95 23:30 0 
l4-Mar-96 11:40 Darlington South 1:40 0 
ll-Apr-96 11:55 Darlington South 0:55 0 
6-Jun-96 9:35 Darlington South 5-Jun-96 22:35 0 
28-Jun-96 11:10 Darlington South 0:10 0 
13-Aug-96 11:55 Darlington South 0:55 0 
3-Sep-96 12:30 Darlington South 1:30 0 
12-Sep-96 9:15 Darlington South ll-Sep-96 22:35 0 
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17-Sep-96 11:50 Darlington South 0:50 
l-Oct-96 11:50 Darlington South 0:50 
13-Dec-96 10:30 Darlington South 0:30 
17-Dec-96 12:43 Darlington South 2:43 
5-Jun-98 10:10 Darlington North 4-Jun-98 21:10 
25-Jun-98 10:35 Darlington North 24-Jun-98 21:35 
16-Jul-98 11:25 Darlington North 15-Jul-98 22:35 
13-Aug-98 10:30 Darlington North 12-Aug-98 21:30 
27-Aug-98 11:05 Darlington North 26-Aug-98 22:05 
10-Sep-98 11:05 Darlington North 9-Sep-98 22:05 
8-Oct-98 11:00 Darlington North 7-Oct-98 22:30 
22-Oct-98 11:50 Darlington North 21-Oct-98 22:50 
19-Nov-98 11:50 Darlington North 18-Nov-98 23:50 
3-Dec-98 10:45 Darlington North 2-Dec-98 22:45 
l7-Dec-98 11:00 Darlington North 16-Dec-98 23:00 
Out of 141 samples 42.00 
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Proposed Northumbrian Water analysis suite - to be 
adopted throughout 1999 to 2001 
Active ingredient Use 
2 ,4 -D Herbicide 
2,4 - DB Herbicide 
Asulam Herbicide 
Atrazine Herbicide 
Benazolin Herbicide 
Bromacil Herbicide 
Bromoxynil Herbicide 
Chlormequat Plant Growth Regulator 
Chlorothalonil Fungicide 
Chlortoluron Herbicide 
Clopyralid Herbicide 
Cypermethrin Insecticide 
Deltamethrin and related isomers Insecticide 
Diazinon Insecticide 
Dicamba Herbicide 
Dichlorprop Herbicide 
Dichlorvos insecticide 
Diuron Herbicide 
Fenitrothion Insecticide 
Fenoprop Herbicide 
Fenpropidin Fungicide 
Fenpropimorph Fungicide 
Flurnethrin Insecticide 
Fluroxypyr Herbicide 
Glyphosate (AMPA) Herbicide 
Imazaquin Herbicide 
loxynil Herbicide 
Isoproturon Herbicide 
Linuron Herbicide 
Malathion Plant Growth Regulator 
Maleic Hydrazide Plant Growth Regulator 
Manzoceb Fungicide 
MCPA Herbicide 
MCPB Herbicide 
Mecoprop Herbicide 
Metaldehyde Acaricide 
Methyl Parathion Insect/Acaricide 
Mevinphos Insecticide 
Pendimethalin Herbicide 
Pentachlorophenol Insecticide 
Propazine Herbicide 
Propetamphos Insecticide 
Propyzamide Herbicide 
Simazine Herbicide 
Triazophos Insecticide 
Trichlopyr Herbicide 
Trietazine Herbicide 
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Brief descriptions of AES analysis methods 
Nitrogens 
Ammonia, nitrate and nitrite: 
Discrete automated colourimetric analysis using an 'Aqua 800 Perspective' analyser. 
Ammonia reacts with hypochlorite and salicylate at pH 12.6 in the presence of sodium 
nitroprusside to form blue coloured compound measured spectrophotometrically at a 
wavelength of 656 nm. 
Nitrate is reduced to nitrite by hydrazine using a catalyst. The total nitrite is treated with 
sulphanilamide and N-l-napthylethylenediamine dihydrochloride under acidic 
conditions to form a pink azo-dye measured at a wavelength of 520 nm. 
Nitrite is based on the diazotisation process as above for nitrate. 
Pesticides 
Triazine herbicides: 
Solid phase extraction with methanol, followed by reverse phase High Pressure Liquid 
Chromatography with Ultra Violet detection at a wavelength of 230 nm. 
Organo-phosphorus pesticides: 
Solid phase extraction with methanol, followed by Gas Chromatography Mass 
Spectrometry. 
Phenoxy alkanoic acid herbicides: 
Acidified samples are solid phase extracted using ethyl acetate, followed by methylation 
with diazomethane and analysis by Gas Chromatography Mass Spectrometry. 
Phenyl urea herbicides: 
Solid phase extraction with methanol, followed by reverse phase High Pressure Liquid 
Chromatography with Ultra Violet detection at a wavelength of 243 nm. 
Organo-chlorine pesticides: 
Solid phase extraction with ethyl acetate and dichloromethane, followed by high 
volume injection Gas Chromatography using electron capture detection. 
A.12 
Appendix III 
River gauging station information 
River gauging station details (Source: Natural Environment Reseaerch 
Council, 1982,1984,1985,1990,1994) 
River Tees at Broken Scar weir 
Grid reference: 45 (NZ) 259 137 
Gauge zero (lowest crest hight of dam) 37.19 Metres Above Ordnance Datum 
Station description: Compound Crump profile 
weir with total crest length of 
63.9 m. Two low flow crests 
total 9.1 m. 
Stage range: 0.565 to 0.669 
River Tees at Barnard Castle weir 
Grid reference: 45 (NZ) 047 166 
Gauge zero (lowest crest hight of dam) 133.07 Metres Above Ordnance Datum 
Station description: Compound Crump profile 
weir 
River Greta at Rutherford Bridge 
Grid reference: 45 (NZ) 034 122 
Gauge zero (lowest crest hight of dam) 223.12 Metres Above Ordnance Datum 
Station description: Compound Crump profile 
weir with total crest length of 
19.2 m, low flow crest 3 m 
broad. Theoretical rating with 
check gaugings. 
Stage range: 0.066 to 0.409 
Notes: 
Ordnance datum is the sea-level measured at Newlyn 
Water flow is calculated from 'stage' which is a water level reading 
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Rating table - River Tees at Broken Scar 
Rating table computed using power law equation : Q : 
Values of coefficients are : 
Threshold C a b 
0.41 9.0448 0 1.5039 
0.777 5.3001 0.369 3.229 
1.037 31.305 -0.05 4.0715 
2.382 114.48 -0.581 1.7561 
3.8 381.66 -1.539 1.0014 
C(h+a)Ab 
Discharge is given below as cumecs for increments of stage as metres 
Stage 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 
0.0 0.000 0.009 0.025 0.046 0.071 0.100 0.131 0.166 0.203 0.242 
0.1 0.283 0.327 0.373 0.421 0.470 0.522 0.575 0.630 0.686 0.744 
0.2 0.804 0.865 0.928 0.992 1.058 1.125 1.193 1.263 1.333 1.406 
0.3 1.48 1.55 1.63 1.71 1.79 1.87 1.95 2.03 2.11 2.20 
0.4 2.28 2.37 2.47 2.57 2.67 2.78 2.89 3.01 3.12 3.25 
0.5 3.37 3.50 3.63 3.76 3.90 4.04 4.18 4.33 4.48 4.63 
0.6 4.79 4.95 5.11 5.28 5.46 5.63 5.81 6.00 6.19 6.38 
0.7 6.57 6.78 6.98 7.19 7.40 7.62 7.84 8.07 8.69 9.19 
0.8 9.70 10.24 10.80 11.38 11.99 12.62 13.27 13.95 14.66 15.39 
0.9 16.15 16.94 17.76 18.60 19.48 20.39 21.32 22.29 23.30 24.33 
1.0 25.41 26.51 27.65 28.83 29.16 30.29 31.43 32.59 33.77 34.97 
l . l 36.19 37.42 38.67 39.94 41.23 42.53 43.85 45.19 46.55 47.92 
1.2 49.31 50.72 52.14 53.58 55.04 56.52 58.01 59.52 61.04 62.58 
1.3 64.14 65.72 67.31 68.92 70.54 72.18 73.84 75.51 77.20 78.90 
1.4 80.62 82.36 84.11 85.88 87.66 89.46 91.28 93.11 94.96 96.82 
1.5 98.70 100.59 102.50 104.43 106.37 108.32 110.29 112.28 114.28 116.30 
1.6 118.33 120.38 122.44 124.51 126.61 128.71 130.84 132.97 135.12 137.29 
1.7 139.47 141.67 143.88 146.10 148.35 150.60 152.87 155.15 157.45 159.77 
1.8 162.09 164.44 166.79 169.16 171.55 173.95 176.36 178.79 181.24 183.69 
1.9 186.17 188.65 191.15 193.66 196.19 198.73 201.29 203.86 206.45 209.04 
2.0 211.66 214.28 216.92 219.58 222.25 224.93 227.62 230.33 233.06 235.79 
2.1 238.54 241.31 244.09 246.88 249.69 252.50 255.34 258.18 261.04 263.92 
2.2 266.80 269.71 272.62 275.55 278.49 281.44 284.41 287.39 290.39 293.40 
2.3 296.42 299.45 302.50 305.56 308.64 311.72 314.82 317.94 321.07 324.72 
2.4 328.54 332.37 336.19 340.01 343.83 347.65 351.47 355.29 359.11 362.94 
2.5 366.76 370.58 374.40 378.22 382.04 385.87 389.69 393.51 397.33 401.15 
2.6 404.98 408.80 412.62 416.44 420.26 424.09 427.91 431.73 435.55 439.38 
2.7 443.20 447.02 450.84 454.67 458.49 462.31 466.14 469.96 473.78 477.60 
2.8 481.43 485.25 489.07 492.90 496.72 500.54 504.37 508.19 512.01 515.84 
2.9 519.66 523.48 527.31 531.13 534.95 538.78 542.60 546.42 550.25 554.07 
3.0 557.90 561.72 565.54 569.37 573.19 577.02 580.84 584.66 588.49 592.31 
3.1 596.14 599.96 603.78 607.61 611.43 615.26 619.08 622.91 626.73 630.55 
3.2 634.38 638.20 642.03 645.85 649.68 653.50 657.33 661.15 664.97 668.80 
3.3 672.62 676.45 680.27 684.10 687.92 691.75 695.57 699.40 703.22 707.05 
3.4 710.87 714.70 718.52 722.35 726.17 730.00 733.82 737.65 741.47 745.30 
3.5 749.13 752.95 756.78 760.60 764.43 768.25 772.08 775.90 779.73 783.55 
3.6 787.38 791.21 795.03 798.86 802.68 806.51 810.33 814.16 817.98 821.81 
3.7 825.64 829.46 833.29 837.11 840.94 844.77 848.59 852.42 856.24 860.07 
3.8 863.9 
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Rating table - River Tees at Barnard Castle 
Rating table computed using power law equation : Q = C(h+a)Ab 
Values of coefficients are : 
Threshold C a b 
0.46 13.117 0 1.501 
0.51 63.319 0 3.534 
0.82 99 -0.278 1.934 
5 97.719 -0.309 1.745 
Discharge is given below as cumecs for increments of stage as metres 
Stage 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 
0 0.000 0.013 0.037 0.068 0.105 0.146 0.192 0.242 0.296 0.353 
0.1 0.414 0.477 0.544 0.614 0.686 0.761 0.838 0.918 1.000 1.085 
0.2 1.17 1.26 1.35 1.45 1.54 1.64 1.74 1.84 1.94 2.05 
0.3 2.15 2.26 2.37 2.48 2.60 2.71 2.83 2.95 3.07 3.19 
0.4 3.32 3.44 3.57 3.70 3.83 3.96 4.09 4.39 4.73 5.09 
0.5 5.47 5.86 6.37 6.89 7.42 7.98 8.56 9.16 9.77 10.41 
0.6 11.06 11.74 12.43 13.14 13.87 14.62 15.39 16.18 16.99 17.82 
0.7 18.66 19.53 20.41 21.31 22.24 23.18 24.14 25.11 26.11 27.13 
0.8 28.16 29.21 30.28 31.32 32.38 33.45 34.54 35.64 36.75 37.89 
0.9 39.03 40.19 41.36 42.55 43.76 44.97 46.20 47.45 48.71 49.98 
1.0 51.27 52.57 53.89 55.22 56.56 57.92 59.29 60.67 62.07 63.48 
1.1 64.91 66.35 67.80 69.26 70.74 72.24 73.74 75.26 76.79 78.34 
1.2 79.89 81.47 83.05 84.65 86.26 87.88 89.52 91.17 92.83 94.50 
1.3 96.19 97.89 99.60 101.33 103.07 104.82 106.58 108.36 110.14 111.95 
1.4 113.76 115.58 117.42 119.27 121.14 123.01 124.90 126.80 128.71 130.63 
1.5 132.57 134.52 136.48 138.45 140.44 142.43 144.44 146.46 148.50 150.54 
1.6 152.60 154.67 156.75 158.84 160.94 163.06 165.19 167.33 169.48 171.64 
1.7 173.81 176.00 178.20 180.41 182.63 184.86 187.11 189.36 191.63 193.91 
1.8 196.20 198.50 200.81 203.14 205.48 207.82 210.18 212.55 214.93 217.33 
1.9 219.73 222.15 224.57 227.01 229.46 231.92 234.39 236.88 239.37 241.88 
2.0 244.39 246.92 249.46 252.01 254.57 257.14 259.72 262.32 264.92 267.54 
2.1 270.17 272.80 275.45 278.11 280.78 283.46 286.16 288.86 291.57 294.30 
2.2 297.03 299.78 302.54 305.31 308.08 310.87 313.67 316.48 319.31 322.14 
2.3 324.98 327.83 330.70 333.57 336.46 339.36 342.26 345.18 348.11 351.05 
2.4 353.99 356.95 359.92 362.90 365.90 368.90 371.91 374.93 377.96 381.01 
2.5 384.06 387.12 390.20 393.28 396.38 399.48 402.60 405.73 408.86 412.01 
2.6 415.17 418.33 421.51 424.70 427.90 431.11 434.32 437.55 440.79 444.04 
2.7 447.30 450.57 453.85 457.14 460.44 463.75 467.07 470.40 473.74 477.09 
2.8 480.45 483.82 487.20 490.60 494.00 497.41 500.83 504.26 507.70 511.15 
2.9 514.61 518.08 521.56 525.05 528.55 532.06 535.59 539.12 542.66 546.21 
3.0 549.77 553.34 556.92 560.51 564.11 567.71 571.33 574.96 578.60 582.25 
3.1 585.91 589.58 593.25 596.94 600.64 604.35 608.06 611.79 615.53 619.27 
3.2 623.03 626.79 630.57 634.35 638.15 641.95 645.77 649.59 653.42 657.26 
3.3 661.12 664.98 668.85 672.73 676.62 680.52 684.43 688.35 692.28 696.22 
3.4 700.17 704.12 708.09 712.07 716.05 720.05 724.05 728.07 732.09 736.13 
3.5 740.17 744.22 748.28 752.35 756.44 760.53 764.62 768.73 772.85 776.98 
3.6 781.12 785.26 789.42 793.58 797.76 801.94 806.14 810.34 814.55 818.77 
3.7 823.00 827.24 831.49 835.75 840.02 844.29 848.58 852.88 857.18 861.49 
3.8 865.82 870.15 874.49 878.84 883.20 887.57 891.95 896.34 900.73 905.14 
3.9 909.56 913.98 918.41 922.86 927.31 931.77 936.24 940.72 945.21 949.71 
4.0 954.21 958.73 963.25 967.79 972.33 976.88 981.44 986.01 990.59 995.18 
4.1 999.8 1004.4 1009.0 1013.6 1018.3 1022.9 1027.6 1032.2 1036.9 1041.6 
4.2 1046.3 1050.9 1055.7 1060.4 1065.1 1069.8 1074.6 1079.3 1084.1 1088.8 
4.3 1093.6 1098.4 1103.2 1108.0 1112.8 1117.6 1122.5 1127.3 1132.2 1137.0 
4.4 1141.9 1146.8 1151.6 1156.5 1161.4 1166.3 1171.3 1176.2 1181.1 1186.1 
4.5 1191.0 1196.0 1201.0 1205.9 1210.9 1215.9 1220.9 1226.0 1231.0 1236.0 
4.6 1241.1 1246.1 1251.2 1256.2 1261.3 1266.4 1271.5 1276.6 1281.7 1286.8 
4.7 1292.0 1297.1 1302.3 1307.4 1312.6 1317.8 1322.9 1328.1 1333.3 1338.5 
4.8 1343.7 1349.0 1354.2 1359.5 1364.7 1370.0 1375.2 1380.5 1385.8 1391.1 
4.9 1396.4 1401.7 1407.0 1412.4 1417.7 1423.0 1428.4 1433.8 1439.1 1444.5 
5.0 1449.9E 
Notes : E denotes a value extrapolated above the max rated stage 
Output by GAUGEMAN flow gauging management system (C) 1990 Hydro-Logic Ltd 
(Source: Environment Agency, North East Region, printed on 26/07/1999) 
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Rating table - River Greta at Rutherford Bridge 
Rating table computed using power law equation : Q = C(h+a)Ab 
Values of coefficients are : 
Threshhold C a b 
0.299 6.174 0 1.5784 
0.4 53.573 0 3.361 
0.87 39.596 -0.202 1.715 
5 37.882 -0.175 1.784 
Discharge is given below as cumecs for increments of stage as metres 
Stage 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 
0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5 
0.000 
0.163 
0.487 
0.937 
2.46 
4.97 
8.16 
11.98 
16.39 
21.34 
26.88 
32.96 
39.59 
46.74 
54.41 
62.58 
71.26 
80.42 
90.07 
100.20 
110.80 
121.86 
133.38 
145.36 
157.79 
170.66 
183.97 
197.73 
211.91 
226.53 
241.57 
257.04 
272.93 
289.23 
305.95 
323.08 
340.62 
358.56 
376.91 
395.66 
414.81 
434.35 
454.29 
474.62 
495.34 
516.45 
537.95 
559.83 
582.09 
604.74 
627.76E 
0.004 
0.189 
0.526 
1.046 
2.68 
5.25 
8.51 
12.39 
16.87 
21.87 
27.46 
33.60 
40.28 
47.48 
55.20 
63.43 
72.15 
81.37 
91.06 
101.24 
111.88 
122.99 
134.56 
146.58 
159.05 
171.97 
185.33 
199.13 
213.36 
228.02 
243.10 
258.61 
274.54 
290.88 
307.64 
324.81 
342.39 
360.38 
378.77 
397.56 
416.74 
436.33 
456.31 
476.68 
497.44 
518.59 
540.12 
562.04 
584.34 
607.02 
0.013 
0.217 
0.566 
1.163 
2.91 
5.55 
8.87 
12.82 
17.35 
22.41 
28.05 
34.25 
40.98 
48.23 
56.00 
64.28 
73.05 
82.32 
92.06 
102.28 
112.97 
124.13 
135.74 
147.81 
160.33 
173.29 
186.69 
200.53 
214.80 
229.51 
244.63 
260.18 
276.15 
292.54 
309.34 
326.55 
344.17 
362.20 
380.63 
399.46 
418.69 
438.31 
458.33 
478.74 
499.54 
520.72 
542.30 
564.25 
586.59 
609.31 
0.024 
0.247 
0.607 
1.290 
3.14 
5.85 
9.24 
13.24 
17.83 
22.95 
28.65 
34.90 
41.68 
48.99 
56.81 
65.14 
73.96 
83.27 
93.06 
103.33 
114.07 
125.27 
136.93 
149.04 
161.60 
174.61 
188.05 
201.94 
216.25 
231.00 
246.17 
261.76 
277.77 
294.20 
311.05 
328.30 
345.96 
364.02 
382.49 
401.36 
420.63 
440.29 
460.35 
480.80 
501.64 
522.86 
544.47 
566.47 
588.85 
611.60 
0.038 
0.277 
0.649 
1.426 
3.38 
6.16 
9.61 
13.68 
18.32 
23.49 
29.25 
35.55 
42.39 
49.75 
57.62 
66.00 
74.87 
84.23 
94.07 
104.38 
115.17 
126.41 
138.12 
150.28 
162.88 
175.93 
189.42 
203.35 
217.71 
232.50 
247.71 
263.34 
279.40 
295.87 
312.75 
330.05 
347.75 
365.85 
384.36 
403.27 
422.58 
442.28 
462.38 
482.87 
503.74 
525.01 
546.66 
568.69 
591.10 
613.90 
0.055 
0.309 
0.692 
1.572 
3.62 
6.48 
9.99 
14.11 
18.82 
24.04 
29.85 
36.21 
43.10 
50.51 
58.43 
66.86 
75.78 
85.19 
95.08 
105.44 
116.27 
127.56 
139.31 
151.52 
164.17 
177.26 
190.80 
204.77 
219.17 
234.00 
249.25 
264.93 
281.03 
297.54 
314.46 
331.80 
349.54 
367.69 
386.24 
405.18 
424.53 
444.27 
464.41 
484.94 
505.85 
527.15 
548.84 
570.91 
593.37 
616.20 
0.073 
0.342 
0.736 
1.729 
3.88 
6.80 
10.38 
14.56 
19.32 
24.60 
30.46 
36.87 
43.82 
51.28 
59.25 
67.73 
76.70 
86.16 
96.09 
106.50 
117.38 
128.72 
140.51 
152.76 
165.46 
178.60 
192.17 
206.19 
220.63 
235.51 
250.80 
266.52 
282.66 
299.21 
316.18 
333.55 
351.34 
369.52 
388.11 
407.10 
426.49 
446.27 
466.44 
487.01 
507.96 
529.31 
551.03 
573.14 
595.63 
618.50 
0.093 
0.377 
0.782 
1.895 
4.14 
7.13 
10.77 
15.01 
19.82 
25.16 
31.08 
37.55 
44.54 
52.05 
60.08 
68.61 
77.62 
87.13 
97.11 
107.57 
118.49 
129.88 
141.72 
154.01 
166.75 
179.93 
193.56 
207.61 
222.10 
237.02 
252.36 
268.12 
284.30 
300.89 
317.90 
335.31 
353.14 
371.36 
389.99 
409.02 
428.45 
448.27 
468.48 
489.09 
510.08 
531.46 
553.23 
575.37 
597.90 
620.81 
0.115 
0.412 
0.828 
2.073 
4.41 
7.47 
11.17 
15.47 
20.31 
25.73 
31.70 
38.22 
45.27 
52.83 
60.91 
69.48 
78.55 
88.11 
98.14 
108.64 
119.61 
131.04 
142.93 
155.27 
168.05 
181.28 
194.94 
209.04 
223.57 
238.53 
253.91 
269.72 
285.94 
302.57 
319.62 
337.08 
354.94 
373.21 
391.88 
410.95 
430.41 
450.27 
470.53 
491.17 
512.20 
533.62 
555.42 
577.61 
600.18 
623.12 
0.138 
0.449 
0.875 
2.262 
4.68 
7.81 
11.57 
15.93 
20.82 
26.30 
32.33 
38.90 
46.00 
53.62 
61.74 
70.37 
79.49 
89.09 
99.17 
109.72 
120.73 
132.21 
144.14 
156.52 
169.35 
182.62 
196.33 
210.48 
225.05 
240.05 
255.47 
271.32 
287.58 
304.26 
321.35 
338.85 
356.75 
375.06 
393.77 
412.88 
432.38 
452.28 
472.57 
493.26 
514.33 
535.78 
557.63 
579.85 
602.45 
625.44 
Note: E denotes a value extrapolated above the max rated stage 
Output by GAUGEMAN flow gauging management system (C) 1990 Hydro-Logic Ltd 
(Source: Environment Agency, North East Region, printed on 26/07/1999) 
